BEST AVAILABLE COPY 

Application No.: 10/000284 Case No.: 56530US002 



Remarks 

Claims 1-42 and 44-52 are currently pending. Claim 42 is currently amended. 

Claim Rejections - 35 USC § 112 

Claims 42, 44-48, and 52 stand rejected under 35 USC § 1 12, first paragraph, as failing to 
comply with the written description requirement. Claim 42 is currently amended to recite 
"dispersed shear deformable particles of a self-crosslinking polymer." Support for this 
amendment may be found on page 2, lines 13-14. Claims 44-48 and 52 are dependent on claim 
42. Applicant respectfully requests withdrawal of this rejection. 

Claim Rejections - 35 USC § 103 - Kubota et ah in view of Krepski et 
ah 

Prior art references do not teach or suggest all the claim limitations 

Claims 1-2, 4, 6-9, 15-27, 34-42, 44-49, and 51-52 stand rejected under 35 USC § 103(a) 

as being unpatentable over Kubota et al. (US 5,846,306) in view of Krepski et al. (US 
5,929,160). The Examiner states, in the Office Action of August 21, 2003, that Kubota et al. 
disclose an ink jet ink comprising aqueous vehicle, pigment, humectant, acrylic resin, and 0.1-40 
wt. % polyurethane. The Examiner also states, in the Office Action dated November 26, 2004, 
that Kubota et al. disclose "the use of generic type of polymer, i.e., polyurethane". 

Applicant has not found support for either of these statements in Kubota et al., and thus it 
is assumed that the Examiner has constructed it from various, i.e., separate, parts of the 
disclosure. More accurately, Kubota et al. disclose that 0.1 to 40 wt. % of a resin emulsion may 
be incorporated into the ink of their invention (col. 6, lines 64-67), that the resin emulsion may 
be a thermoplastic resin (col. 7, lines 9-11), and that a polyurethane may be used as a water- 
insoluble thermoplastic resin (col. 7, lines 28-29 and 42). Thus, Kubota et al. disclose the use of 
a particular type of polyurethane in ink jet inks: those that are water-insoluble and thermoplastic. 

The polyurethanes disclosed in Kubota et al. are very different from the ones of the 
present invention; one difference is that they are thermoplastic and thermoset, respectively. The 
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following exerpt is taken from page 1141 of "Hawley's Condensed Chemical Dictionary 11 , 12th 
Ed. by RJ. Lewis, Sr., published by Van Nostrand Reinhold Co., 1993: A thermoplastic polymer 
is a polymer "that softens when exposed to heat and returns to its original condition when cooled 
to room temperature." Thermoplastic properties of the polyurethanes that Kubota et al. are using 
are critical to the performance of their inks, hence the disclosure on softening temperatures, glass 
transition temperatures , minimum film-forming temperatures, etc. (col. 7, lines 9-7). 

In contrast, the polyurethanes of the present invention are thermoset, and as such, they do 
not possess any of the properties described by Kubota et al. and referred to in the previous 
paragraph. According to the Hawley reference: A thermoset polymer is a polymer "that 
solidifies or "sets" irreversibly when heated ... this property is usually associated with a cross- 
linking reaction of the molecular constituents ...." As evidenced by claim 1 of the present 
invention, self-crosslinkability of the polyurethanes is a property that is critical to the 
performance of the inks. 

One requirement for establishing a prima facie case of obviousness is that the prior art 
references must teach or suggest all the claim limitations. The teaching or suggestion to make 
the claimed combination must be found in the prior art, and not based on applicant's disclosure. 
Applicants submit that, by disclosing the use of thermoplastic polyurethanes in ink jet inks (and 
not polyurethanes in general), Kubota et al. do not teach or suggest to one of ordinary skill in the 
art that self-crosslinkable polymer particles that form a thermoset polymer could be used instead. 

No motivation to combine reference teachings, no reasonable expectation of 

success 

The Examiner states, in the Office Action of November 26, 2004, that Krepski et al. is 
"primarily concerned with pavement marking compositions," and that Krepski et al. "also teach 
that the disclosed coating composition is suitable for use on several types of substrate including 
paper." Applicants agree with these statements. 

The Examiner also states that Krepski et al. disclose the use of the self-crosslinking 
particles "in coating for paper which is very similar to ink which is used to impart images, i.e., to 
coat, paper." Applicants respectfully submit that this is not so: paper coating compositions and 
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ink jet ink compositions are very differenct from each other. To say they are similar ignores the 
methods by which each is applied to the paper, and takes into account only the end result, i.e., the 
final product. 

The Examiner also states that "it is significant to note that Krepski et al. disclose using 
silyl-terminated sulfopoly(esterurethane) in aqueous composition comprising pigment, 
dispersant, defoamer, wetting agent, etc. which is very similar, if not identical to ingredients 
found in ink compositions." To say that the ingredients are similar ignores the complexity of the 
technical issues that the experimenter must face when designing formulations for ink or paper 
coatings. The ingredients may be referred to as the same thing on paper, but small changes in the 
identities and the amounts of each of these ingredients may have huge effects on rheological 
properties of the formulations as well as their performance after being applied on a substrate. To 
illustrate the complexity, Applicant has assembled a collection of articles (copies are provided.) 
Selected excerpts are pointed out below. 

An ink jet printhead is a sophisticated device that is designed to push an ink through 
micrometer-sized nozzles in a precisely controlled manner. Consider some of the requirements 
of ink jet inks as described in the article "Ink Technologies for Inkjet Printing" by P. MacFaul, 
Surface Coatings International Part A: Coatings Journal, 87 (10) , 420-426: 

"As the printhead technology has advanced in terms of faster printing speeds and 
smaller droplet sizes, the requirements placed on the ink have become more demanding." 
(page 1,2 nd paragraph) 

"The ink has to deliver a wide range of attributes that extend from printer storage, 
through jetting, to final image properties. Initially the ink has to be prepared with the 
correct viscosity and surface tension specifications for the printhead through which it is to 
be jetted. It must be non-corrosive to the materials which it comes into contact with, and 
it must not generate foam within the printhead as this will inhibity droplet formation. The 
ink must also be non-toxic as it could easily come into contact with the printer operators, 
and it must be stable with no chemical change, sedimentation or bacterial growth 
occurring for the shelf life of the print cartridge." (page 2, 1 st paragraph) 

The droplets formed during the jetting process must have a constant size, shape 
and velocity, ... and must deliver good dot shape upon the substrate of interest. In 
addition, the inks must be able to withstand high jetting frequencies and have good re- 
start characteristics after the printhead has been left idle for a period of time. Finally, the 
image formed by the ink must be quick to dry, have the required shade and density, and 
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deliver the required permanence properties such as light and waterfastness, highlighter 
smear and rub-fastness." (page 2, 2 nd paragraph) 

"Ink manufacturers have been working for several years now to ensure that the 
inks can deliver all of the above attributes for various applications. However, it must be 
stressed that the development of the ink is ideally made in conjunction with all the other 
critical parameters that go together to develop the complete printing system." (emphasis 
added; page 2, 3 rd paragraph) 

"However, adding polymers to inks can result in serious iettins problems due to 
the increase in viscosity of these solutions . As can be seen from the above discussion, the 
formulation development of aqueous inks is far from simple..." (emphasis added, page 6, 
1 st and 2 nd paragraphs). 

Consider another article "Ink is integral part of printing process" by Jill Woods, 
Converter, September 2003, pages 26-27: 

"Today, a considerable amount of time and resource is invested in creating an ink 
that will optimize the performance of the new printing technologies, as well as provide 
the best possible end result. . ." (page 26, 2 nd paragraph) 

"Digital technology, however, is setting a new trend, with processes such as 
digital inkjet having a much closer interdependency of the type of ink that is used. The 
nature of the printing process means that OEMs now work closely with ink specialists to 
develop inks that will provide optimal performance with printhead technology as well as 
the substrate and which are tailored to suit the end application." (page 26, 4 th paragraph) 

Consider yet another article "Inkjet Printing of Highly Loaded Particulate Suspensions" 
by Brian Derby and Nuno Reis, MRS Bulletin, November 2003, pages 815-818. In this article, a 
section entilted "Rheology of Particle Suspensions" (page 816) discusses the difficulties with 
printing particle-containing solutions. The take-away lesson from this article is that not all 
particles are created equal, i.e., they all have different effects on rheological properties, especially 
viscosity, and just because one type of particle might be suitable for use in an ink jet ink, does 
not mean that another would be. 

In contrast to inkjet printing using an inkjet printhead, consider a review of coating 
processes that are used to coat paper in "A Review of Paper Coating" by T. Fukui, Kami Pa 
Gikyoshi/Japan Tappi Journal, 55 (12), 3-19. The abstract talks about five periods of coating 
methods and materials going back to 1910, and mentions that they are continuing to evolve to 
match market demands and obtain high productivity. Although the article is in Japanese, the 39 
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figures are in English, and they provide the reader with an overall feel for how complicated 
coating technology is. Most of the figures diagram different coating processes and equipment, 
and the rheology that the respective coating compositions must have is shown by graphical 
representations. Thus, one cannot readily assume that formulations useful in one coating process 
could be useful in another, yet alone be useful in an ink jet ink. 

In the article "Three-Phase Approach to Coating Formulation Secures Startup Savings" by 
D. Spriggs, Pulp & Paper, 78(9), 63-65, the author gives an overview of what is involved in 
designing formulations for paper coatings. For example, the author describes on the last page, 
2 nd column, that for any single startup involving a coating process: screening and fundamental 
work can take anywhere from 3 to 6 months, pilot coater trials can take up to a year, optimizing 
rheology and operating conditions another 3 to 6 months, and end-user testing another 3-6 
months. This article is worth reading from the beginning because it provides one not skilled in 
the art of coating paper a feel for what is involved at a hands-on level. 

To establish a prima facie case of obviousness, at least two criteria must be met. First, 
there must be some suggestion or motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings. Second, there must be a reasonable expectation of success. 

Applicant submits that one of ordinary skill in the art of making ink jet inks would not be 
motivated to combine reference teachings of Kubota et al. and Krepski et al. One of ordinary skill 
in the art of ink jet inks would be motivated by Kubota et al. to find polymer materials that are 
thermoplastic so that they would have the appropriate softening temperatures, etc. One of 
ordinary skill would not be motivated to look to replacing thermoplastic polymer particles with 
self-crosslinking particles because the properties of the particles are critical for jetting 
performance. Even if one of ordinary skill in the art would be motivated to look to references 
related to paper coating compositions, one would not have a reasonable expectation that similar 
formulations or individual components would work, considering the complexities of the 
technologies. Applicants respectfully request withdrawal of this rejection. 
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Claim Rejections - 35 USC § 103 - Zhu et al in view of Krepski et al. 

Claims 1-5, 9-16, 23-25, 27, 31, 34-39, and 42-48 stand rejected under 35 USC § 103(a) 
as being unpatentable over Zhu (US 5,889,083) in view of Krepski et al. (US 5,929,160). The 
Examiner states that Zhu discloses an ink jet ink comprising 1-40 wt.% of polyurethane. 

Zhu discloses that binder resins may be used in ink jet inks of their invention, and that an 
example is a polyurethane (col. 6, line 22-29). Applicants submit, however, that Zhu does not 
teach or suggest "the use of generic type of polymer, i.e., polyurethane" as stated by the 
Examiner. Instead, one skilled in the art would assume that Zhu is teaching the use of 
thermoplastic polyurethanes, as suggested by the following exerpts: "A binder resin should be 
film former which upon drying of the ink leaves a film on the colorant." (col. 4, lines 49-50); 
"The glass transition temperature of the binder resin is typically in the range of from about 50°C 
to about 100°C..." (col. 5, lines 8-11); and "The film, in combination with the wax and other 
ingredients of the ink composition, also provides the jet printed messages a measure of protection 
against abrasion." (col. 4, lines 53-54). The polymer described in the present claimed invention 
does not require drying to form a film (it merely has to crosslink), does not have a glass transition 
temperature (thermoset polymers do not have glass transition temperatures), and is not 
compatible with waxes (waxes would interfere with the crosslinking reactions). 

As described above, in order to establish a prima facie case of obviousness, the prior art 
references must teach or suggest all the claim limitations. The teaching or suggestion to make 
the claimed combination must be found in the prior art, and not based on applicant's disclosure. 
Applicants submit that, as described for the previous rejection, Zhu does not teach or suggest to 
one of ordinary skill in the art that self-crosslinkable polymer particles that form a thermoset 
polymer could be used. Applicants respectfully request withdrawal of this rejection. 

Claim Rejections - 35 USC § 103 - Erdtmann et al in view of Krepski 
etal 

Claims 1-2, 4-9, 15-16, 23-25, 27-30, 32-37, 40, 42, 44-49, and 51-52 stand rejected 
under 35 USC § 103(a) as being unpatentable over Erdtmann et al. (US 6,533,408 Bl) in view of 
Krepski et al (US 5,929,160). The Examiner states, in the Office Action of November 26, 2004, 
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that "Each reference discloses the use of generic type of polymer, i.e., polyurethane, with no 
disclosure of specific types of these polymers utilized." 

Applicants respectfully disagree with this statement. Specific types of polyurethanes are 
disclosed in Erdtmann et al., and they are designated PU-1, PU-2, and PU-3 (col. 11, line 41 to 
col. 12, line 40). In addition, glass transition temperatures are reported in Table 1 (col. 13). 
Applicants submit that, for reasons sim Erdtmann et al. do not teach or suggest "the use of 
generic type of polymer, i.e., polyurethane" as stated by the Examiner. Instead, one skilled in the 
art would assume that Erdtmann et al. are teaching the use of thermoplastic polyurethanes 
because glass transition temperatures are reported. In addition, Erdmann et al. state that inks 
should exhibit "high pH stability characteristics" (col. 1, lines 56-57). In comparison, the self- 
crosslinking polymer particles of the present invention are not stable under high pH; a high pH 
would cause hydrolysis of the silyl groups which are critical for the crosslinking reaction. 

As described above, the prior art references must teach or suggest all the claim limitations 
in order to establish a prima facie case of obviousness. The teaching or suggestion to make the 
claimed combination must be found in the prior art, and not based on applicant's disclosure. 
Applicants submit that, as described above, Erdtmann et al. do not teach or suggest to one of 
ordinary skill in the art that self-crosslinkable polymer particles that form a thermoset polymer 
could be used. Applicants respectfully request withdrawal of this rejection. 

Applicant believes that the application is in condition for allowance; reconsideration is 
respectfully requested. 



Respectfully submitted, 
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coati dg c h .exn i „cai s & e q u i p m e n t 



Metlio^i^l approach ioqis^ii on raw material selection, testing, and formulation 
balance optimizes coatings for faster startups and salable paper production 



Three 

Foritiiilati 



Approach to Coating 
Secures Startup 



By DON 5PRICC5 




Hurting- Up new equipment aftera rebuild or an instal- 
.iat.io.ft may be one of topmost rew^ 
| moments in. a prridue^ois ( n^njagei^ job> A startup 
represents the milifJiHiatipiiof nKH)tfo/ei^ft y^ais» of ; 
hard work. And in the righi mark'et.enyirdnr^ 
between a successful startup ami a bad one can be as much as 
S250 million. 

On the plus side, a startup offers ihepotential for hi^er effi- 
ciency and production rates to compete effectively In the global 
marketplace JJp^dfde^^ 

to keep-labor costs under toitr»J,,k ffioin them to produce nevy 
paper grades and pttttiucfo keeping pace with changes in the 
industry diaixarl capture new eusioniete;^ 
mem, however, requires a brememlmm eapjtal investment up 
front, and a delayed or ;mi»handJed starh^p can be. devastating 
froma cc^utandpoitit; 

Start the Startup Right 

Hie cost for a new mcillty can easily reach S i billion, and major 
rebuilds often, cost in the range oi' $200 miilion to $500 million, 
Willi that kind of investment pspercomnanles and the people 
supplying the capital am tmderstendably eager to b^m rnaking^ 
salable product as quickly as p(>j?sibb..^id;the gt^terthe#tott- 
up's tonnage potential the more mipormnrpto 
for achieviiiga commercial ^ttccess fFlgure E 

faxi of. theddtcasy M a pa per machine startup stems front 

jrcthi i._ 

Startups With a higher tonnage potential mean that planning is even more criti 
cal to achieving a commercial success. 




t Average of less -p-— 
successful startups 



MO 12 14 18 

Months trpmstarrup 
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its complexity, Startups in this industry are far more elaborate 
ihan startups mother mduStn^^ 
maehtneh^ 

airplane : :l«is.tMtly^houi^*0W)*. 

A paper machine startup necessitates integration of different 
science and technology elements such : as colloidal chemistry, 
mechanical :en$neerinj£ market analysis; process controL 
phymsfflow, dndng* heat transfer, .radiation), and sophisticated 
measurement s\'Steim (coat Weight moisture, hole detectors, 
web break det^nors), ^lecdng dievnghrc^ath^ ferrnplatipn 
and appropriate^^ 

: plex ; .process* Wftk chosen :fermuMtibh m M : \rite^m& with all 
diese o^rent pieces of dte pu&de to achieve me best paper 
quality Otherwise, the startup will never reach its Ml potential 

A successful startup means acitie#ig:ibe 
featfdnetf^ 

pamerpaied in more than 7Q s^ceessfhl Jhaciiine st^nup^ gjohai- 
lyduriogmepa^ 

a portfolio of high-performance binders that have' helped cus* 
turners adn>»equa^^^^ 

Based on this; experience^^^^ 
selection, testing, and tauilaOpn: balaiie#~&aye bi^ti^hown 
tqcM^ 

ful startup, if e^cuuMjCarehjjly: Rapldiamp up cspabffity in 
the- -first tteuyJbtir uioinl&ai&i M% ^cl^%;^'tidi:;p%e 
. rJreams. However, since no^startup ean predict every 
troubleshooting scenario, c^stoiTie^ iiei^>to,.i^:j^ 
back posidonsandim 

access to labs, industry experts, and e^uiptrient that 
can help resolve unmreseeiiprobieni$;Such expertise 
can help, for example^ v*te& «&me^^ 
cutty r unning a jiew.protluctv 



Statistical Design for Materials Selection 

lite iirstsiep in devisl^ 
,and select tlte raw Mate&i&to ,r^^ 
-of die idehnle-d market ^e^ment -the .right pifthent 
comhferion will achieve the optimum gloss. Bright- 
ness, and opacity The binder is just as important 
because its ratio with the ;pigrnent ■will defermme: 
stretigth, ink coating ui ternctipii. ;sti(iJies^ tuitl convert- 
ittg- prb|>ert;tes, Additives help to optimize mhtiabiliiy, > 
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Palpi f^e^ 7z(?) 63~g^ 



The use of capillary rheometers to obtain highishear 

is recommended, since mwl'coateins djfera^ high s snea> 



rates. 




optical prpp^^;cMiifig smicmi« v an%utfafe:fne^ 

Selecting the -stamip raw maferisii^an^ 'jro^ii^.'Jb^vJ^ 
lion h an effort io itlenUfy ihte best ppssibI0 bi^ 
endwise application properties* ■ =<Miehrannal?iHfy,--'-*n'd?iS^ 
Willi a range oi 'papers; Irom ^ipi^!^ 
base than -30* g/mi to ftesvy^ight r^ieh^rd (gmater 
lhaft^j^,£t% ,vai^ty. of ■4^£^6.<ini web /pa^&xeftejt 
application prints fiSf^yn'itjnfq^c^Wng^Sj;-. 

A good tbbl to tiso %vheft developing 
Ceil tteigi of : E\-pcfinieiit Soririliy, a 'i0m(^Bi^r 
seardfc.for a fw^ritJcai tactors thai-;rhbsr afet ..cp^tipg^eMorte^ 
aiiects costly arid iinie corisu^ thc tcmn to etli- 

cieniiy tmd qulckh r ^rt^rrw^ 

diese iflgredieim In a .rrianogfabk JaB-scaJe tody, Ffpm : .^k 
■screening sttitiy,. Mnptife irtgrt^Mnt ^.i3idat^;^i 
: mined ;anddxeam 

Beyond seteeti ngatefce^ 
Hon mu^ -be^ptinTto 
Factors suclv as fheojogy and jratnabij^ 
need to be initiated, m ensure that theni>y;a^ 
excellent ft(nj^i%ajid^igh ;e#¥r^fcferte^ 

Testing of Runnabilit^ md Performance 

Once the raw xiialerialseleciion is harrowed. duwptoAhe Candi- 
dates vvith mpst potential, the next stepjsjo Wt^inrmbili^ 
.amtpafonrtance^ 

.are .started in. a 4atft>ratOQ; ^utmitji^t^ lili^i^r^:' !l^d 
sere^ningof fprjr^ . 

The^unnubtUxy ' of coating* can he pre^&d by a ^Pojihh 
tiandrt of rlieology and imniolnT^ njeasurSjritel^ 
theology needs ' to be measured over the whoie §hear^ rate, 
range with r^iatipoal. or tapillarv viscometers, Since .most 
coalers operate or very hi^'^heaf rates, ^^^f^i?^ 
high shear vfeosiiy data can te---g0^t^.Msii^ capillary; 
rheonieier: Depending ontheapj^ 
(actors such as viscD-elastichy .or T ^tensi0ti^^^6iil$ihotMi! 



be taken irito account ; Kn^ 
ttonprpperfe^ 

erated by combining' itiiinipbtlmitipn solids; ineas.uteineiits. 
ulihstautr and dynamic, water fj^nrt^i4^ii|i. 

patioivofrher.*te^ 

tjoa, .those properties need to be optimized over die desired 
speed range. 

Afterthe Vnnnability" lests are used to narrow the coating 
jonnuiad^ 

•optimfcai^ In 
iaddiuokito^ 

terte coated . paper,; it i^inipprtant to/ttiidersiand the paper 
andink;mte^ 

A -very eflectjvi; too! to pleasure hmv the Mk and coating- 
ir^eract is the j^iiban ^li^ Vhi^^.an. j^^d^t^^j^ 
,wlaie^ H thfe ojftet #re$& The fieltiik^neasines 

Uorpaper and|K^ 

. Coating strength is;ver#depe^ type anil 

amount More is not always beuer;To> much binder gives ;a 
^dp^oadi>g 3 : buyout c^use^tifer pro'biem^'suciv^S: fountain 
Mmibrirj^ 

the press "perfprniancc can be predicted mimpape^ 

pilot coated paper, and ^ durtog 

press trials that occur before, during, and after the startup. 

tifvemfe M«W lolndorts jneed to Mjfastz 

M on die industry stale pilot eoaters. Ibis & to validate the 
coater;r«nnabiiity of the: formulations" and to allow full-scale 
;print ; nialst0 emiiiafe end;use perfbr^ance^ 

.tolatemae^ 
jisectlp;:^ 

A very effective, tool to measure liow. the ink and coating 
Htter act 1$ tbi flruibau Delta*, Which is ; an instrument that sim- 
ulates the printing nip in an offset press. 




the coating formulation's performance on a larger scale. jRiis . 
can sometimes include working with teal markets/- to gnthfer 
valuable c\m oirter fejftdbai^;Oti'p4)er2^g'r^pn.r^: 

Formulation Balance: A Mixt»re of Challenges 

Achieving the right balance In a ibrniuiadon: tiveans ftndtng 

ihe right mix between end use application .pj^pertie^jybu--- ■ 

blcrftee appiica%is, and ^ 

part of a startup is etnplpyee jtraijpljtg. 

tarfee themselves with the hew -'^uipnteht.ai)UvHowil'vyof^> 1 

as well as troubleshooting methods! \TheV should make sure 

their understanding is solid enough that the paper qnalUywiU 

stay superior for the long-term use of the machine. 

Equipment manufaqurars anil other experienced suppliers 
can help train mill employees onappii^ 
mill's expense, problems and coihpHeatioM caiv arise if : 
employees don) know hrKv to operate ^ 
fix minor prpblenB, apply die right /Settings: ibV a particular 
paper grade or adjust those set Ungfs far opiimum quality. 

Properxoadng make~dr^ 
ing a quality .product, A qualified abating suppfa js able to- ; 
provide advice ; on the preferred order of addition; to" avoid 
potential Incompatibilities and poor mixing. Jtean:ilso give 
guidance on good raw materia] acceptance ^prpeedures ; arid' 
testing to minimize die chance of mistakes when- offloading 
the coating ingredients, 

Even after emplc$&&^ mayjb^ 
need to f untax- pptim^ 
needs, A mill Ms to make slim 

adjusting the. fonriukwori rheblogyi imptbying n»mabilir|: 
and optimizing the . probability It: is critical to have oprions 
ready to address problems or changes in produa^^mfic^dot^ 
anhe eleventh rnadejor.th^new 
paper grade. Final standard specif) cjMlpnris stni^tii^.b$r _^«k]| w€cf^uj> 
ing thai the startup^ jjtoductihfl is 

competitive in Xh£ marketplace. 

Coating Case History: Kruger Wayagamack 

Daniel TH*»t.blay» jiroducfion; manaj^a^^ger |Va^amat± , 

on a recent startup. The startup, tearn.spent sevenil. rripntfe q^ ■: 
preparation woridiig;.out the formulado^ 
made a point of ihcoipO'rjitthg iriirut from all^u ^pilfers* and we. .; 
were able to develop a strchg'lbrmutation thaiMd almost no 
issues for ourappllcat'to 

Work ; began -in the laboratory oa^ : , 
using lab tests designed id simulate p^tiing^iJiidUi^r^Sjrift 
Kniger VVayagamack - required tesqtigffOr specjte ^pplfeatdn ; 
methods, as well as drying and (imshing eondif b% die xestfctig 
then moved to lis supplier's pilot coalers. 



Pilot coalers are often used to create commercial sample quantities to 
demonstrate the coating formulation's performance on the larger indus- 
try scale. 




JMe,kn owietlge of 'die, market^awi a^tjupal.r^IejhxHe 
RftaJi^Ularibiv^ 

trials were mat in Europe u^n^ Etiro^a^ MiniiiiaUpn& -^t^s^ 
exrierieiice ln Europe? as well ns their oye^ 
(fyrthylnienc^ a cruical rplettijave.r^e^. 

^rbu^ilB tiiO; Mais, the processvwas sioboth and looked .. 
simple, Htitdim-wasM^ 
leant .had the right experfeeeT IJeitiblarsajd^ 
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Inkjet Printing of 
Highly Loaded 
Particulate 
Suspensions 

Brian Derby and Nuno Reis 



Abstract 

Inkjet printing is an attractive method for patterning and fabricating objects directly 
from design or image files without the need for masks, patterns, or dies. In order to 
. achieve this with metals or ceramics, it Is often necessary to print them as highly . 
concentrated suspensions of powders in liquids. Such liquid suspensions must have 
physical properties appropriate to the inkjet delivery mechanism. These properties are 
presented using a nondimensional formalism to illustrate the requirements for both drop 
formation and spreading on impact. Further critical issues relevant to inkjet printing of . 
particulate suspensions are discussed and illustrated with experiments on a model, 
alumina-containing colloidal suspension. 

Keywords: ceramic processing, fluid behavior, freeform fabrication, inkjet printing, 
particulate suspensions, rheology. . 



Introduction 

Inkjet printing was originally devel- 
oped in the 1970s as a contactless printing 
method. Inkjet printing is now a ubiquitous 
technology and is routinely used for per- 
sonal printing, commercial printing, and 
product marking. In the broadest sense, 
inkjet printing is a method of generating 
droplets of precise volume and selectively 
depositing these droplets. This concept 
has led to a series of applications in the 
fields of microdosing and precision fluid 
dispensing, rapid prototyping, and rapid 
manufacturing. In this article, we will ex- 
plore the use of inkjet printing as a 
method for the manufacture of small com- 
ponents with electrical and mechanical 
applications. 

Inkjet printing deposits material in the 
form of a liquid. Therefore, in order to use 
inkjet printing to fabricate metal or ceramic 
parts, it is necessary to deliver the metal or 
ceramic materials in a liquid precursor 
form. The simplest way to achieve this is 
to disperse the required material as a fine 
powder suspended in a suitable liquid 
vehicle. The preparation and manipula- 



tion of powder-filled slurries is an impor- 
tant part of conventional powder proc- 
essing technologies that have been applied 
to both ceramics and metals for many hun- 
dreds of years — for example, dissolving 
clay in water to form pottery slip, and de- 
positing suspensions of oxides and metals 
as glazes and enamels. However, the re- 
quired rheological properties of slurries us- 
able for inkjet printing differ considerably 
from those used in many conventional 
forms of powder processing (e.g., screen 
printing or powder injection molding). 

Inkjet printing has been explored for a 
number of years as a tool for ceramic fab- 
rication. Initial work by Sachs et al. 1 did 
not directly print powder suspensions but 
instead printed a solution of binder mate- 
rials onto a flat bed of metal or ceramic 
powder. This technique selectively bonds 
the powder patterned by the printed 
binder phase. A three-dimensional archi- 
tecture is obtained by depositing subse- 
quent powder layers followed by further 
printing. On completion of the process, all 
unbonded powder is removed and the re- 



sulting powder assembly is further con- 
solidated by heat treatment. This method 
has been subsequently developed to allow 
for better densification rates and composi- 
tion variation in the powder bed. 2 However, 
the process is limited by the requirement 
of depositing layers of powders. Direct 
inkjet printing of slurries is a more versatile 
method for the manufacture of ceramic 
and metallic parts and was pioneered by 
Evans and co-workers. 3 " 6 Less material is 
wasted, and by using multiple printing jets, 
it is possible to fabricate components of 
composite ardaitecture or graded compo- 
sition. Evans' initial work used alcohol and 
aqueous suspensions, but because this re- 
quired an adapted printer normally used 
for graphics printing on paper, only fluids 
of relatively low viscosity could be printed, 
which limited the choice to relatively di- 
lute suspensions containing <10% solids 
by volume. 

There are two different mechanisms used 
to generate droplets in inkjet printers: 

1. Continuous inkjet printers project a 
stream of liquid through a small orifice. 
The stream breaks up into small droplets 
by means of the Rayleigh instability, in 
which surface tension disrupts a liquid 
column into spherical particles; in com- 
mercial printers, the process is assisted by 
a mechanical oscillation near the orifice to 
ensure uniform droplet size and forma- 
tion rate. An electric charge is imparted to 
the drops as they are formed, and these 
drops are steered to the desired substrate 
location by applying an electrostatic field. 
Drops not required for printing (e.g., 
when a space character is desired in text 
printing) are captured and recirculated. 

2. Drop-on-demand (DOD) inkjet print- 
ers form individual drops of liquid by 
generating pressure waves in a liquid- 
filled cavity. For printing particle suspen- 
sions, this is normally achieved using a 
piezoelectric actuator. The pressure pulse 
ejects drops from an open orifice, which 
normally contains the liquid by surface 
tension. The drops are only formed when 
required, and spatial control is achieved 
by mechanically positioning the print 
head above the desired location before 
drop ejection. 

Both methods of inkjet printing have 
been used successfully to build ceramic 
objects. 4 ' 5 Continuous inkjet printing oper- 
ates at much faster droplet generation rates 
than DOD printers; however, the need to 
use an electrically conducting fluid and 
the possibility of contamination during 
the recirculation process are limitations 
for many applications. Hence, piezoelec- 
tric DOD priii ting is preferred for the dep- 
osition of ceramic or metal suspensions. 
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Fluid Properties 

The physical properties of the fluid in 
an inkjet printer strongly influence the 
drop formation mechanism and subse- 
quent drop size and velocity for a given 
excitation (pressure) pulse. Early studies 
of drop-on-demand inkjet printing by 
Fromm 7 and Dijksman 8 identified the key 
physical processes of drop formation: 

1. Generation of a pressure wave by me- 
chanical vibration of the actuator and 
propagation of the wave dirough the 
fluid-filled chamber toward the orifice; 

2. Deformation of the meniscus at the 
orifice and extrusion of liquid from the 
chamber; and 

3. Instability of the extruded liquid col- 
umn and subsequent drop formation. 

The physical parameters of the fluid 
that are important in these three processes 
are the speed of sound (which determines 
the velocity of the pressure wave), viscos- 
ity, density and surface tension. Although 
most of the earlier work modeled a simple, 
cylindrical, piezoelectric-actuated tube as 
the droplet generator, the fundamental 
physics of droplet formation is still the 
same in more modern designs. 

In his analysis, Fromm used a dimen- 
sionless grouping of the fluid properties in 
order to solve the Navier-Stokes equa- 
tions of fluid flow and thus to model the 
fluid dynamics of the jetting process. This 
is given as 



(Nwe) 1 ' 



(1) 



where Z is the Ohnesorge number, which 
is more generally described as a ratio be- 
tween the Reynolds number (NrJ and the 
Weber number (Ny£, respectively, with 



and 



(2a) 



(2b) 



where v is velocity, a is a characteristic di- 
mension (taken as the radius of the print- 
ing orifice), and p, 77, and y are the fluid 
density, viscosity and surface tension, re- 
spectively In most commercial DOD print- 
ing platforms, this dimensionless grouping 
has a value falling somewhere between 1 
and 10. The influence of this dimension- 
less grouping on inkjet behavior has been 
explored using a fluid dynamics simula- 
tion. 9 If it is small, the viscosity is the domi- 
nant parameter and a large pressure pulse 
is required to eject a droplet. This leads to 



low droplet velocity and shorter fluid col- 
umn extensions before droplet ejection. A 
high value of the numerical grouping leads 
to very large liquid column extensions be- 
fore droplet formation. Such long columns 
usually lead to satellite drop formation be- 
hind the main drop. 

Fluid properties are also very important 
during the process of droplet spreading on 
impact. A static drop on a solid surface will 
spread to its equilibrium shape and contact 
angle as determined by surface tension. 
However, the impact of a droplet from an 
inkjet printer, traveling at speeds of a few 
meters per second, is a dynamic process, 
with the droplet spreading initially to a 
greater contact area than the equilibrium 
value because of the contribution of 
kinetic energy. If inkjet printing is used to 
deposit components of controlled compo- 
sition or if the spacing between printed 
tracks is important, the maximum spread 
of a drop on impact is a parameter equally 
as important as its equilibrium extent. The 
spreading process has been modeled by 
Pasandideh-Fard et al., 10 who considered 
the balance between the kinetic energy of 
the deposited droplet and the increase in 
surface energy, along with viscous dissi- 
pation, as the droplet spreads. They found 
the following relationship for the ratio 
f = ^maxM where d^ is the maximum 
diameter of spreading and d is the radius 
of the impinging droplet: 



= / Nwe + 12 V /2 

\3(1 - cos d) + 4(N„JN^ 2 )) ' 

(3) 

where 0 is the equilibrium contact angle of 
the droplet on the substrate. 

It is possible that a rapidly spreading 
droplet will destabilize and splash on im- 
pact. A generally accepted parameter used 
to predict the onset of splashing on drop 
impact 11 is given as 



K = Nwe 1/2 NR, I/4 . 



(4) 



When K exceeds some critical value 
(K c ), which depends on substrate condi- 
tion and temperature, splashing occurs. 

Equations 1 -4 can be used to determine 
the rheological properties of a fluid to 
make it suitable for inkjet printing. Figure 1 
shows a Nru-Nv^ parameter space onto 
which some of these relations have been 
mapped. The bold line across the top right 
corner shows where splashing occurs for 
K c = 100, which is a typical value for the 
fluids used in our work. The two parallel 
dotted lines indicate the 1< Z" 1 < 10 region 




Q Ethylene glycol 
o Paraffin 

* Fatty esters/acids 
+ Alkyl sulfonamide 
x 20 vol% suspension / 
*40vol% 
suspension 



10~ 2 10 _t 10° lb 1 10" 10 3 
Reynolds Number 

Figure 1. The influence of fluid properties 
on printing conditions in terms of 
Reynolds and Weber numbers. The 
solid curves indicate contours of equal 
maximum droplet spreading. The dotted 
lines indicate the boundaries of fluid 
properties typical of inkjet printers, and 
the bold line in the upper-right corner 
indicates the onset of splashing. 



in which inkjet printing is usually con- 
ducted. The three solid curves indicate 
various degrees of droplet spreading on 
impact. Superimposed upon this diagram 
are points indicating a range of fluids for 
the case of printing through jet orifices of 
60 fjm and 75 fxm diameters under vari- 
ous driving conditions. 

Rheology of Particle Suspensions 

It is clear from the previous section that 
the physical and rheological properties of 
a fluid are very important in controlling its 
behavior during both droplet generation 
and impingement on a substrate. In order 
to print particulate suspensions, it is nec- 
essary to understand and control the rheo- 
logical behavior to match the window of 
inkjet operability. It is not within the scope 
of this article to exhaustively discuss the 
methods used to produce stable suspen- 
sions of ceramic particles. Briefly, this is 
achieved by modifying the surface forces 
on the particles. In nonpolar media (i.e., 
low dielectric constant fluids), polymeric 
surfactants are often used; in polar solvents, 
a combination of polymer surfactants or 
modifications to the concentration of ions 
in solution is commonly employed. 12 

The fluid behavior of particle suspen- 
sions is a major subject in its own right. In 
order to print ceramics or metals, it is evi- 
dent that the larger the volume fraction of 
particles in suspension, the more efficient 
the printing process in terms of deposition 
rate. It is well known that the viscosity of 
a suspension increases as the fraction of 
particles in suspension increases. For dilute 
suspensions (typically <2% by volume), 
Einstein's generalized equation states 13 



77 - TJ 0 (1 + M), 



(5) 
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where 17 is the viscosity of the suspension, 
rjo is the viscosity of the fluid vehicle in the 
absence of particles, <f> is the volume frac- 
tion of particles in suspension, and A is a 
constant that depends on die particle 
shape. However, in order to efficiently print 
metals and ceramics, the volume fraction of 
particles in suspension must be at values 
much larger than the dilute systems for 
which Equation 5 is valid. At a high content 
of solids, the increase in particle-particle 
interactions requires a more complex ap- 
proach; empirical relations are used instead 
to describe the viscosity. One such relation 
in general use is a modified Krieger- 
Dougherty equation: 14 



(6) 



where <t> m3X is the maximum volume frac- 
tion of solids in suspension, and n is an 
empirical constant. The maximum volume 
fraction occurs when there is sufficient di- 
rect particle-particle contact in the suspen- 
sion for it to behave as an elastic solid and 
is typically in the range of 50-60% for 
equiaxed particles. 

Equation 6 illustrates the dichotomy 
that occurs when developing particle sus- 
pensions for inkjet printing. It is desirable 
to maximize the solid loading of the sus- 
pension (i.e., maximize <j>), but at the same 
time, the fluid viscosity must not exceed a 
value above which printing is not possible. 
Most commercial inkjet print-engine manu- 
facturers specify a maximum fluid viscos- 
ity of about 20 mPa s. Figure 2 shows the 
viscosity of a polymeric stabilized colloidal 
alumina suspension in a hydrocarbon 
medium as a function of particle volume 



100 




0.0 0.1 0.2 0.3 0.4 0.5 
Apparent Particle Volume Fraction, </> 



Figure 2. Viscosity of a colioidai 
alumina-filled paraffin medium as a 
function of solids loading (experimental 
points) fitted with a modified Krieger- 
Dougherty model: V^o = (1 - H4>m»jT*> 
where 7/770 ' s tne relative fluid viscosity 
and <j> is the apparent particle volume 
fraction in suspension; (f> moit = 0.52 ± 
0.01 and n= 1.84 ±0.11. 



fraction. The trend in viscosity clearly fol- 
lows Krieger-Dougherty behavior, with 
an exponent of approximately 2 and a 
maximum apparent volume fraction of 
about 53% (the actual, or effective, particle 
volume fraction is larger because it includes 
a contribution from an absorbed layer of 
polymer that prevents particle agglomera- 
tion). Clearly, the challenge is to develop 
suspensions with low viscosity at suffi- 
ciently high particle content to allow effi- 
cient printing. 

The viscosity of a suspension is normally 
non-Newtonian, that is, it is a function of 
strain rate. Inkjet printing generates 
droplets at very high shear rates. Consid- 
ering the meniscus deformation that occurs 
to form a droplet, we can approximate the 
shear strain rate to that of the frequency of 
droplet ejection. DOD inkjet printers oper- 
ate in the frequency range of 1-10 kHz; 
hence, the strain rates are expected to be in 
the range 10 3 -10 4 s" 1 . It is very difficult to 
make experimental measurements of fluid 
viscosity in this range of shear rates, and 
thus it is necessary to rely upon extrapola- 
tion from measurements made at much 
lower shear rates. 

The pressures within a piezoelectrically 
driven inkjet droplet generator are very 
low — typically in the range of 100-500 kPa. 
Thus, fluid behavior should not show any 
yield phenomena, in that there should be 
no critical stress for minimum flow rate. 
Also, because we operate at strain rates 
much higher than those measured experi- 
mentally, the fluid should ideally show 
shear trunning behavior. Great care must 
be taken to ensure that no dilatancy (vis- 
cosity increasing rapidly with shear rate) 
occurs at high strain rates. Within an inkjet 
printer, dilatancy might occur within the 
constrained dimensions of the printer ori- 
fice if the particles interact with the walls 
and form an obstacle blocking the flow. In 
order to minimize this likelihood, the maxi- 



mum size of the particles must be signifi- 
cantly smaller than the diameter of the ori- 
fice. From analogies with dry powder 
flow, the diameter of the largest particles 
present should be no greater than 1/20 of 
the orifice diameter. 1 ^ Many commercial 
printer designs use an inline filter within 
the fluid supply system to ensure this. 

Inkjet Printing Experiments 

To illustrate the phenomena associated 
with inkjet printing of particle suspensions 
of either metals or ceramics, we will de- 
scribe experiments carried out using a 
submicron alumina (A1 2 0 3 ) powder sus- 
pended in a paraffin wax. Full details of 
the preparation of the ceramic suspensions 
used are given elsewhere. 1617 Table I shows 
the fluid properties of the suspensions as a 
function of increasing volume fraction of 
particles. Although both suspension den- 
sity and viscosity increase with increasing 
volume of particles in suspension, because 
of the exponential dependence of viscosity 
on volume fraction, the Reynolds number 
decreases rapidly until it is at the limit of 
printability (40% solids by loading). 16 

These materials were passed through a 
simple, single-orifice, piezoelectric inkjet 
droplet generator (Sanders Design Inter- 
national, Wilton, N.H.). Droplet properties 
(volume and velocity) were characterized 
as a function of operating parameters (ex- 
citation pulse voltage, frequency, and du- 
ration). Both droplet velocity and droplet 
size can be controlled, within limits, by al- 
tering the excitation signal to the piezoelec- 
tric transducer in the droplet generator. 17 ' 18 
However, droplet properties are strongly 
influenced by fluid properties. Figure 3 
shows the influence of excitation frequency 
on drop radius for paraffin wax and the 
wax filled with alumina. There is a clearly 
visible periodic dependence on excitation 
frequency. This illustrates the acoustic 
characteristics of the droplet generator with 



Table I: Fluid Properties of Alumina-Filled Paraffin Suspensions. 18 
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0.4 


2062 


878 


0.038 




12.2 


55.7 
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Notes: Average particle size, 0.3 u,m; assumed droplet velocity, 3 m s" 1 ; characteristic length equal 
to the orifice diameter (75 urn). 

<t> = volume fraction of particles in suspension; p « fluid density; c = the acoustic wave speed; 
7] - fluid viscosity measured at a steady-state shear rate of 80 s~ 1 ; y - fluid surface tension; 
N Ho = Reynolds number; - Weber number; Z = Ohnesorge number; K - parameter used to 
predict the onset of splashing on drop impact; f = ratio of maximum diameter of spreading to 
radius of the impinging droplet. 
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Figure 3. Ejected droplet size as a 
function of excitation frequency for a 
paraffin wax and paraffin containing 
different amounts of alumina powder in 
suspension. AH inkjet driving parameters 
are held constant (pulse duration and 
amplitude of 32 /as and 60 V, respectively, 
at a temperature of 1 10°C). 



clear resonance frequencies. The acoustic 
properties of fluid-filled cavities depend 
on the velocity of sound in the fluid; this is 
controlled by density and bulk modulus, 
both of which are functions of particle 
content. Thus, significant changes in drop 
size (and also drop velocity) are expected 
when there is a change in fluid, if all oper- 
ating parameters are kept constant. Table I 
shows how the speed of sound and the 
Reynolds and Weber numbers change as a 
fluid is filled with an increasing amount of 
particles. 

In order to print objects of controlled di- 
mension using powder-filled liquids, it is 
necessary to control the deposited lines by 
controlling droplet size and velocity. At 
present, this is achieved by careful experi- 
mental characterization of droplet proper- 
ties as a function of operating parameters 
for each suspension. These data can then 
be used to adjust the operating parameters 



of inkjet printers, by means of the software 
driver, to achieve the desired printing be- 
havior. Thus, it is possible to print well- 
defined lines of ceramics and with these to 
build up three-dimensional objects that 
can then be sintered to full density. 17 ' 18 An 
example of a sintered object produced by 
inkjet printing is shown in Figure 4. 

To conclude, it has been demonstrated 
that it is possible to develop ceramic sus- 
pensions containing in excess of 40% solids 
by volume that can be passed successfully 
through inkjet printers. The limiting factor 
for printing objects is the conflicting re- 
quirements of a low fluid viscosity with a 
large fraction of solids in suspension. Print- 
able ceramic suspensions of Zr0 2 and PZT 
have also been developed, 19 - 20 and in prin- 
ciple, given suitable surfactants, stable 
printable suspensions of any material 
available in powder form can be devel- 
oped. Although die results presented here 
concern ceramic suspensions, the same 
principles are applicable to particulate sus- 
pensions of any material type. 




Figure 4. Example of a ceramic object 
produced by inkjet printing: sintered 
alumina impeller manufactured by 
three-dimensional inkjet deposition of 
highly filled suspensions directly from a 
computer-aided design file. The scale 
minor division is 1 mm. 
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CONVERTER INKS & INK PUMPS 



Ink is integral part of printing process 



| Jill Woods, inks and media 
1 product manager at Xaar, takes 
| a closer look at the range of inks 
| now available and in 
1 development for the digital 
1 Inkjet market. 

OVER THE past decade, the printing industry has 
undergone considerable change, most notably with 
the introduction of new digital printing 
technologies and sophisticated techniques to suit a 
range of different printing applications. But, as the 
printing process becomes more sophisticated, it is 
easy to forget that the ink market too has had to 
evolve and adapt to these new automated printing 
methods. 

in many instances, ink is no longer seen as a 
single commodity, but with the development of 
new digital technologies, it has become an integral 
part of the printing process. Today, a considerable 
amount of time and resource is invested in creating 
an ink that will optimise the performance of the 
new printing technologies as well as provide, the 
best possible end result, whether it is for printing 
brochures, large outdoor posters, simple barcoding 
or sophisticated brand packaging. 

The recent past has been a turbulent time for the 
inks market, with the pressures of falling prices 
and environmental issues placing heavy burdens on 
manufacturers. Traditionally, printing methods such 
as screen, litho, flexo and gravure have not been 
dependent on the use of a particular ink to run 
through their presses, hence, in the past buying 
decisions were highly influenced by price and not 
always by quality. 

Digital technology however, is setting a new 
trend, with processes such as digital inkjet having a 



much closer interdependency on the type of ink 
that is used. The nature of the printing process 
means that OEMs now work closely with ink 
specialists to develop inks that will provide optimal 
performance with the printhead technology as well 
as the substrate and which are tailored to suit die 
end application. 

With diis acceleration in the development of ink, 
there is now a wide range of inks to suit just about 
every machine and tailored to give the best results 
for any application. There are four main categories 
of ink that have found widerranging use in the 
digital inkjet market; aqueous, oil-based, solvent 
and LTV cure inks. 

The value of such inks may be linked to their 
flexibility to perform on an increasingly wide 
range of substtates and in high performance 
printing machines. It is important to note that inks 
are tough and are vigorously tested to meet the 
demand of intensified printing applications. Each 
ink type does vary and has its own set of 
independent properties - this is what sets inks aside 
from just being an additional printing tool and 
indeed from one another. 

Oil-based inks for example are pigmented 
systems based on essentially non-drying, low 
volatility oils. They are only suitable for a limited 
range of substrates, namely paper and board, 
making them ideally suited to the packaging sector. 
The inks 'dry 1 rapidly on porous materials by 
absorption, but due to the nature of the oils, never 
dry on non-porous or semi-porous substrates. Oil- 
based inks are therefore die mainstay of industrial 
applications such as outer case coding and marking 
and have an excellent open time in printheads 
resulting in minimal maintenance requirements. 
For example, incorporating Xaar printheads, Alpha 
Dot's range of Merlin printers utilises oil-based 



inks to produce exceptionally clear and precise 
colour and black and white print quality onto a 
variety of substrates, from wood to plasterboard. 

One thing to note however, is that the lack of 
glossy substrates capable of rapidly absorbing oil 
has resulted in limited use in wide formal graphics 
applications (posters and banners), although 
impressive results can be achieved using cheap 
absorbent paper for traditional billboard 
applications. 

.In contrast, solvent-based inks are widely used 
in graphics printing applications due to their low 
cost and ability to print directly onto uncoated 
substrates such as banner vinyl, self adhesive vinyl, 
mesh and paper. The use of high quality pigments 
can provide good outdoor UV stability without the 
use of over laminates, whilst the volatile nature of 
the inks gives a low dried ink film weight. 

Digital Graphics Incorporation's (DGI) utilises 
solvent-based inks with its Vistajet digital inkjet 
printer to achieve high quality images for the 
production of large banners that are specifically 
designed for outdoor use. 

These inks are carefully formulated to provide a 
balance between the dry time characteristics on 
substrates and the open time in the printhead. 
Regular maintenance may be required, with 
capping of the printheads for example when the 
printer is not in use. In addition, when using non- 
porous substrates, it may require heating in order tc 
produce rapid dry times and prevent ink molding 
in high ink density areas. This said, solvent-based 
inks do provide high quality images and still 
remain a popular ink choice for a wide range of 
digital printing machines. 

Solvent inks, however, don't come without a 
number of environmental implications. Due to 
Uieir nature, they have a high level of volatile 
organic. components (VOCs), which have a 
negative impact on the environment. Therefore the 
use, storage and disposal of solvent-based inks 
need to be controlled and they must be used in a 
well-ventilated facility. 

An increasingly popular alternative to the 
solvent-based inks are UV curable inks, which are 
rapidly becoming the mainstay ink for the new 
generation of flatbed digital printers designed to 
print on a wide range of flexible and rigid 
substrates. Bright, tough and durable results can be 
achieved on uncoated substrates, therefore 
eliminating the need for over lamination for 
outdoor applications. The combination of UV inks 
and digital flatbed machines allow you to create 
outdoor media such as hoardings, billboards and 
banners reliably, productively and. ultimately more '■ 
quickly, hence this combined technology has 
excited the industry with its printing techmques 
creating a huge impact and increased promotional 
use. 

Inca for example, has chosen to opt for a U V inl 
system tor its Inca Eagle 44 flatbed printing 
machine. The machine has been designed to 
accommodate applications such as point of sale 
material and signage. With UV inkjet formulations 
being mainly acryiate-based 100 percent solids 



Matching by remote control 



REMOTE COLOUR matching has enabled 
Intercolor to respond to customers* needs more 
rapidly and accurately. Customers with Intercolpr's 
in plant blending systems, can measure their colour 




sample with an sophisticated spectrophotometer 
and transmit the data over the Internet. 

Once the colour laboratory has completed the 
matching^ its data is fed back to the dispensing 
equipment in the customers premises. An 
important element is the new colour correlated 
colour monitors at both ends. 

However, the remote colour matching approach 
could not work without exceptionally consistent 
ink colour bases. 

The highly pigmented bases are quality 
controlled to a tighter specification than is 
normally encountered in the industry. The result is 
that customers can have special colours on the 
press without delay and with confidence. 

The key to its approach to the narrow web 
market is that they strongly encourage its 
customers to enter into a working partnership with 
them. 

Jointly they determine the customers needs, both 
for the product and the supporting services, and 
develop both to match the 
requirement Enquiry 29 ■ 
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formulations, the Eagle is able to 
print on to a wide range of substrates 
including board, wood, and plastics 
such as PVC. 

Also utilising Xaar's piezo drop on 
demand inkjet technology with UV 
cure inks, the Canpet Printomat 400, 
is the first digital inkjet printer of 
cylindrical objects, allowing direct 
printing onto items such as beverage 
cans. Its short run, variable printing 
capabilities allow greater 
customisation and personalisation 
and appeal to packagers wanting to 
stand out from their competition by 
printing directly onto their products. 

UV cure inks in addition are VOC 
free and remain liquid until cured 
(solidified) by exposure to UV light 
This gives long open times and low 
maintenance requirements in the 
~ printhead, and almost simultaneous 
'drying' on the substrate when 
exposed to UV light. However, UV 
cure inks can suffer from oxygen 
inhibition at the surface, which can 
lead to a tacky finish. The relatively 
high film weight can lead to poor 
through cure, which can in turn give 
adhesion failure. Both of these 
situations can be minimised or 
eliminated by careful formulation 
and the use of light sources with the 
correct spectral and power output 
characteristics. 

Whilst UV cure inks are exempt 
from VOC emission regulations, they 
do require extraction for removal of 
ozone produced by the curing : 
process. The nature of the 
monomers used to give the low 
viscosity inks required for inkjet 
printing means tliat UV cure inks 



need to be handled carefully as many 
formulations have a risk of causing a 
skin sensitisation reaction. 

One of the latest developments in 
the industrial inks market has been 
. the development of aqueous inks, 
which are low in cost and classed as 
environmentally 'friendly' and have 
tended to dominate the desktop 
printing market, in both dye-based 
and pigmented formulations. These 
inks are suitable for printing onto 
porous substrates but do require the 
use of expensive specialised 
substrates for optimum results and 
for outdoor durability, over 
lamination is required. Due to the 
nature of water, aqueous inks have a 
relatively long dry time on 
substrates, but have a tendency to 
dry rapidly in printhead nozzles, 
giving rise to frequent maintenance 
requirements. Capping of the 
printhead is also required when the 
printers are not ink use. 

Looking ahead, I believe future 
developments in ink will include 
cationic systems which may well 
open the route to food packaging 
applications and water-based UV- 
curing systems which will provide a 
lower film weight and higher 
proportion of higher molecular 
weight, lower irritancy oligomers 
giving improved health and safety 
profiles. 

Such inks would also be more 
suitable for use on porous / semi 
porous substrates, giving better cure 
performance and reduced odour. 

Enquiry 30 ■ 
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Introduction 



Although inkjet printing was 
developed during the 1960s and 
1970s, 1 - 3 it was in the mid-1980s - 
when Canon 4 and Hewlett-Packard 5 
successfully introduced printers for the 
home and small office markets - that the 
real growth in the use of inkjet technology 
was observed. Initially, the demands placed 
on the ink were associated with getting the 
colourants, mainly water-soluble textile 
dyes, onto paper using this new technology. 
This was primarily achieved by advances in 
dye purity and processing. 78 

As the printhead technology has 
advanced in terms of faster printing speeds 
and smaller droplet sizes, the requirements 
placed on ink have become more 
demanding. These developments in 
technology have also meant that new 
market areas have become available, 
placing further demands on the ink and, in 
some cases, requiring totally new 
approaches to ink development 9 The use of 
inkjet technology can provide benefits on 
any occasion when the printing of variable 
information is required, and can save time 
and money when only short print runs are 
required. 

This paper describes some of the features 
of the different types of ink that are 
available for a variety of digital imaging 
applications. Both aqueous and non- 
aqueous inks are discussed, together with 
the applications for which they are 
designed. In addition, the attributes that 
ink needs to display for inkjet applications 
are discussed, with an emphasis being 
placed on water-based ink, and the 
challenges that colourant developers and 
formulation chemists face in order to 
design superior aqueous inkjet inks. 



Ink technologies 



A variety of different ink technologies have 
been developed over the last few years for 
inkjet applications. These range from 
aqueous inks, which are found in most 



small office and home-based inkjet 
printers, to oil and ultraviolet (UV) cure- 
based inks which are more widely used in 
industrial and packaging-type applications. 
More novel applications that have begun to 
exploit inkjet technology, such as inks to 
prepare displays and printed circuit boards, 
have required the development of totally 
new ink chemistries. 

Aqueous ink technology 

Water-based ink represents the original and 
most flexible of the inks, for inkjet 
applications. Aqueous inks have been 
developed over the last 20 years for both 
thermal and piezo inkjet printing systems. 
The main advantages over solvent-based 
inks are that they contain little or no 
volatile organic components. The initial 
application for these inks was in the small 
office or home markets, where it was 
desirable to be able to print text with some 
colour capability. The inks were originally 
based on water-soluble textile dyes, 
however, the inks that were prepared 
proved to be extremely unreliable with 
many nozzles becoming blocked. The dyes 
were then subjected to further processing 
and purification and, as a result, they could 
be jetted reliably using inkjet technology. 

As the technology has expanded, the 
requirements placed on ink have also 
grown. For example, the output from inkjet 
printers for offices is now required to 
match laser printing text quality, or silver 
halide permanence for digital photography. 
To cope with these greater demands, dyes 
and pigment dispersions have been 
specifically designed for inkjet applications, 
where precise requirements are placed on 
both the ink properties of the colourants, 
and on the image properties. As the speed 
and flexibility of inkjet printhead 
technologies have increased, the number of 
different potential applications has also 
increased. Inks are now being developed for 
wide or grand format posters, textiles, 
colour proofing, photo mini-labs such as 
those found in supermarkets, commercial 
print jobs such as forms, statements, lottery 
tickets, addresses, as well as newsDaoers 



and security applications. There are now 
over 5000 patents relating to aqueous 
inkjet inks, with these being divided mainly 
into colourant and formulation patents. 
The design of, and the challenges facing, 
aqueous inks will be discussed in more 
detail later. 

Non-aqueous ink technologies 

100% solids UVcure 

These pigmented inks contain a blend of 
monomeric and oligomeric acrylates that 
are polymerised using UV light in the 
presence of a photoinitiator. 10 As the inks 
contain no volatile organic compounds, the 
nozzles can be left uncapped for long 
periods of time, and as the rate of curing is 
fast, good line speeds can be achieved for 
production printing. The viscosity of the 
inks at the operating temperature is 
typically around 10cP, and the surface 
tension is in the region of 23 to 29 
dynes/cm. To achieve good operability in 
the inkjet print heads the particle size of 
the pigments is below one micrometre. The 
printed film is instantly hardened on the 
substrate as all the ink components are 
chemically cross-linked on exposure to the 
irradiation. The inks give excellent print 
performance across a range of non-porous 
substrates (eg metals and plastics) and can 
be used for printing applications such as 
beverage can labelling and credit cards. The 
images that are formed have very high 
durability, with good resistance to 
chemicals and to physical abrasion. 

Oil-based pigment inks 
In this technology, the pigments are 
dispersed in a low viscosity, non-volatile 
oil." Again the particle size of the pigments 
is less than a micrometre to ensure good 
operation, while to maintain good colloidal 
stability, polymeric hyperdispersants may be 
employed. The inks typically have a 
viscosity in the region of 10cP, with a 
surface tension below 30 dynes/cm, and 
tend to give excellent operability and long 
nozzle open times due to the lack of 
volatile components. 
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The use of these inks is largely for 
printing onto plain and coated papers, as 
well as coated vinyls, as the substrate needs 
to be able to absorb the ink. The images 
that are formed have excellent light and 
waterfastness, and as the inks contain no 
water there are no issues with cockling 
when printing onto paper substrates. In 
addition to barcoding, which is a major 
application for oil-based inks, these inks 
are used in various wide and large format 
applications, as well as in commercial 
printing (eg receipts and lottery tickets). 
They can also be used for addressing and 
franking within the mailing industry. 

Printed circuit board inks 

Inkjet technology has recently begun to be 
exploited for the manufacture of printed 
circuit boards (PCBs) 12 - 13 where great 
savings can be made in cost and time 
through a much simplified manufacturing 
process. The current method of producing 
PCBs involves numerous steps, many of 
which are costly and involve expensive 
hardware. 

One example of such a simplified process 
is where curable circuit tracks are inkjet 
printed onto a copper coated substrate, the 
tracks are cured, the non-patterned copper 
is then etched away, and then finally the 
cured resin is removed to reveal the copper 
track. Another example is where the 
conducting tracks are directly deposited 
onto the substrates via inkjet printing of 
metal-containing inks. The use of inkjet can 
lead to significant reductions in the 
amount of waste generated, and is ideally 
suited to short runs where the designs can 
be rapidly amended. 

Displays 

The jetting of inks containing light- 
emitting polymers (LEPs) is being 
investigated as a way to produce cheap, 
energy-efficient displays. 14 - 15 LEPs such as 
poly (p-phenylene vinylenes) (see Figure 1) 
can be developed to emit red, green or blue 
light, and if dissolved in organic solvents 
under the correct conditions, they can be 
deposited using inkjet technology on 
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specially developed substrates to produce 
low cost displays that consume much less 
energy than conventional liquid crystal 
displays. The key to success in this 
application is the accuracy of the droplet 
placement which inkjet is able to offer. 

Other ink technologies 

A number of other ink technologies have 
been developed for various applications. 
Disperse dye and reactive dye-based inks, as 
well as pigment-based inks, have been 
developed for textile applications, where 
the inks are either jetted directly onto the 
fabric or onto transfer sheets to generate 
images. 16 * 17 These inks are only cost- 
effective for very short-run applications, 
for example design proofing 0/ novelty 
printing. 

Inks have been designed for various 
security applications, where the colourant 
is replaced with an active material such as 
an infrared absorber, 18 so that the printed 
image can then only be seen under certain 
lighting conditions. Applications for these 
inks include banknotes and counterfeit 
prevention. 

In addition to 100% UV-cure inks, it is 
also possible to design aqueous based UV- 
curable inks that can be used on porous 
materials but still give highly durable 
images. 19 

Inks that undergo phase changes have 
also been developed; in particular 
numerous ink manufacturers have 
developed hot melt inks 20 where the ink is a 
solid at room temperature but liquid at the 
jetting temperature. Two-phase inks have 
also been developed where improvements 
in image properties have been delivered 



through the use of inks containing micro- 
emulsions. 21 



Ink attributes 

The ink has to deliver a wide range of 
different attributes that extend from in- 
printer storage, through jetting, to final 
image properties. Initially the ink has to be 
prepared with the correct viscosity and 
surface tension specifications for the 
printhead through which it is to be jetted. 
It must be non-corrosive to the materials 
which it comes into contact with, and it 
must not generate foam within the 
printhead as this will inhibit droplet 
formation. The ink must also be non-toxic 
as it could easily come into contact with 
the printer operators, and it must be stable 
with no chemical change, sedimentation or 
bacterial growth occurring for the shelf life 
of the print cartridge. 

The droplets formed during the jetting 
process must have a constant size, shape 
and velocity (see Figure 2), and must 
deliver good dot shape upon the substrate 
of interest. In addition, the inks must be 
able to withstand high jetting frequencies 
and have good re-start characteristics after 
the printhead has been left idle for a 
period of time. Finally, the image formed 
by the ink must be quick to dry, have the 
required colour shade and density, and 
deliver the required permanence properties 
such as light and waterfastness, highlighter 
smear and rub-fastness. 

Ink manufacturers have been working for 
several years now to ensure that the inks 
can deliver all of the above attributes for 
various applications. However, it must be 
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stressed that the development of the ink is ideally made in 
conjunction with all the other critical parameters that go together 
. to develop the complete printing system. The performance of the 
ink is dependent upon the manufacture of the printhead, as any 
imperfections in the manufacturing process will lead to deficiencies 
in the performance of the ink. In addition, the software that drives 
the droplet-generating process and writing of the images, together 
with the design of the substrate, can have a significant impact on 
the final image properties, including colour and image permanence. 

Aqueous inks: Formulation design and 
challenges 

A typical aqueous ink is made up of several components, with the 
key component being the colourant. Additional constituents are 
selected to deliver the physical properties of the ink that are 
required in order for it to be jetted from the particular printhead 
for which the ink is being designed, to maintain good operability of 
that ink, to ensure that the ink is stable, and enhance the properties 
of the image generated from the ink. 

In general, the ink will contain 2 to 6% colourant, 5 to 10% of a 
humectant (to prevent the ink drying in the nozzles) and 5 to 10% 
of a cosolvent (to enhance solubility of the dye), 0.1 to 2% 
surfactant (to adjust the surface tension), 0.1% buffer and 0.1 to 
0.3% biocide. The ink may also contain other additives to adjust 
viscosity, penetration of the ink into the substrate, and compounds 
such as metal chelating agents, UV absorbers and antioxidants. 

The colourant can either be a water-soluble dye, a solvent-soluble 
dye, or a pigment dispersion, the choice of which is determined by 
the particular application for which the ink is being designed. The 
dyes are usually based on azo or phthalocyanine chemistry (see 
Figure 3) 22 and incorporate sulphonic or carboxylic acid groups to 
achieve water solubility. The salt form of the dyes varies depending 
on the dye structure and the solubility of the complex, but is 
typically sodium, lithium or ammonium. 




The main advantage of dyes include the large number of 
chromophores available that can be fine-tuned to deliver the 
specific colour needs of particular applications, together with the 
colour gamut and the formulation latitude that these 
chromophores can supply. In addition, dyes have very good special 
media (photographic) performance. However, it takes a special 
knowledge of these inkjet systems to develop dyes that give good 
permanence on microporous media, and in addition generally 
available dyes do not display good light or ozone fastness. Finally, 
as they are water-soluble, the dyes tend not to have good water 
fastness on plain papers. 

To ensure that the pigment particles, whose typical particle size is 
in the region of 100 to 200nm, do not flocculate and cause nozzle 
blockages, either a dispersant is included in the ink 23 or the pigment 
particles are chemically modified so that they are self-dispersing 24 
(see Figure 4). The main advantages of pigment-based inks are 
related to the colour density that can be generated, particularly for 
black images (text), and the permanence of images, where good 
waterfastness and excellent resistance to fading by light and ozone 
are observed. 




However, pigments are, by their nature, particles, and it is not 
always straightforward to achieve the correct particle-size 
distribution or acceptable stability of the dispersion. In fact, if the 
colloidal dispersion is made too stable, re-peptisation of the 
pigments (re-dispersion of the coagulated colloidal particles in the 
presence of water) may occur, leading to less waterfast images. In 
addition, the images formed from pigments do not, in general, 
display the colour gamut available with dye-based inks, and as the 
particles are deposited on the surface of the substrate, they can be 
easily smudged or smeared. The performance of many pigmented 
inks is also unacceptable on glossy photographic media, as the 
particles tend not to penetrate the media surface, leading to 
unevenness of the surface resulting in poor gloss. 

As mentioned earlier, once the colourant has been chosen, the 
remaining components of the ink are selected to deliver the 
required physical properties in order for the ink to be jetted from 
the particular printhead for which the ink is being designed. The 
two most critical physical properties of the ink that must be 
controlled are viscosity and surface tension. For current aqueous . .. v |' 
inks, the viscosity is typically in the region of 2 to 20cP, and the <,v$||| 
surface tension is between 25 and 60 dynes per cm. These two 7 
parameters control the wetting of the print head (priming), the M 
flow of the ink through the print head, the position of the ; | 
meniscus within the nozzle and the droplet generation. y ' ;'0 

It must be noted that these parameters are specific for each ' 
particular printhead, and are determined by factors such as ■■ 
materials of construction, shape of the nozzles and ink chambers. 
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and the mode of droplet generation. The viscosity is usually 
controlled by the choice of solvents and, if necessary, by the 
addition of a polymer. The surface tension is controlled by the 
addition of surfactants and, to some extent, by the choice of 
solvents. All other changes made to the ink to deliver the required 
image properties must not result in these parameters being outside 
the range required to allow ink droplets to form from a particular 
printhead. 

Once the ink has been designed such that it is found to jet well 
from the printhead, the formulation must be adapted to ensure 
that once printing is stopped, there are no issues with droplet 
formation when it is required to start again (re-start). The most 
common reason for failures on re-start is blockage of the nozzles 
resulting from evaporation of some of the water, which has induced 
precipitation or flocculation of the colourant. Two potential ways 
to overcome this problem are to add a humectant that inhibits the 
loss of water, and to add a cosolvent to the ink so that solubility of 
the dye or stability of the pigment dispersion is maintained even if 
some water is lost. These additives are typically compounds such as 
glycerol, ethylene glycol and pyrrolidones. 

Another way to improve the re-start characteristics of the ink is 
to enhance the solubility or stability of the colourant through 
modification of either the dye structure or the pigment dispersion, 
in the case of dyes, the solubility can be increased through the 
addition of extra anionic groups or by changing the counter-ion; 
see Figure 5, for example, where the solubility of a dye is seen to 
dramatically vary as a function of the counter-ion. 



Figure 5: Imp 
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On those print systems in which ink is jetted continuously and 
controlled by being directed towards or away from the target 
substrate (continuous inkjet), problems can be encountered due to 
ink pooling on the nozzle plate or by air being ingested into the 
firing chamber. Once this happens, droplets can be misdirected or 
nozzles can fail to fire altogether. Figure 6 illustrates the changes in 
the jetting characteristics that can be observed for an ink that has 
been incorrectly formulated. Compared with Figure 2, where all the 
nozzles can be seen to be firing well with all the droplets being 
ejected at the same speed and in the same direction, it can be seen 




that several droplets are being fired at different angles to the 
original jet, and that some nozzles are now no longer functioning 
at all. 

These issues can usually be resolved by adjustment of the surface 
tension or viscosity of the ink, the pressure of the ink within the 
nozzles, and by purging the ink through the print head and wiping 
the nozzle plate. Obviously this latter solution results in down time 
for the printer and so, if possible, these issues are dealt with by 
correct formulation development 

Once the droplets have landed on the surface, the fluid begins to 
spread along and penetrate the media surface as well as starting to 
evaporate. The surface tension and viscosity of the ink play an 
important role in determining the ratio of these first two effects, 
and therefore impacts directly on print characteristics such as dry 
time, feathering, strike-through and optical density (OD). The 
location of the colourant within the media can also be affected by 
the ink properties, and therefore the durability of the image in 
terms of rub and waterfastness, and also resistance to fading by 
light and ozone, can be impacted by the ink design. 

In addition to all the jetting and image criteria, an ink must have 
an acceptable shelf life. Inks are generally tested under accelerated 
conditions, for example, they are stored for several weeks at 
elevated temperatures or under freezing conditions, in addition to 
being subjected to temperature cycling studies. Any changes in the 
chemical or physical properties of the ink need to be minimised, 
and several different types of additives (summarised in Table 1) are 
incorporated in the ink to aid the ink stability. 



Table 1: Additives to improve ink stability 

Additive Function 

Metal chelator, eg EDTA Prevents M 2+ (eg Ca 2+ ) from precipitating dyes 
Biocide Prevents bacterial growth 

Buffer Maintains optimum pH 

Prevents hydrolysis reactions and dye precipitation 



Challenges facing aqueous dye-based inks 

As mentioned previously, one of the main deficiencies of aqueous 
inks is the photographic media performance for the digital 
photographic market. Pigments, which have excellent permanence 
in terms of stability towards fading by light and ozone, do not . 
penetrate the media surface and so the gloss of the images is 
compromised. Dyes, on the other hand, provide images with very 
good print quality and no gloss issues. However, there tends to be a 
compromise between dyes that are bright but not very light or 
ozone fast, and dyes that have a smaller colour gamut but generate 
images that have extremely good permanence. 
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figure 7: Graph Hlustratirig the ozone-fastness of a range of cyan ^dyes " v 




It must also be stressed that the permanence of each dye is directly 
dependent upon the structure of the substrate onto which it is 
printed and the conditions under which the image is stored. In 
recent years there has been a drive towards the use of microporous 
media in preference to swellable polymer materials for 
photographic inkjet applications. The use of aluminas and silicas in 
microporous media provides substrates that look and feel like 
traditional photographs and deliver rapid drying characteristics 
enabling fast printing. Unfortunately, it would appear that it in 
most cases the permanence of dyes is reduced when they are placed 
on substrates of this nature. 

The challenge to ink developers is therefore to develop inks that 
deliver a high-colour gamut, but where the images have improved 
light and ozone stability. The majority of the research is focussed on 
designing new dyes that will deliver both of these properties, with 
novel chromophores being developed and existing ones being 
adapted to improve performance on microporous media. Figure 7 
illustrates the improvements made to a range of cyan dyes in 



figure 8a: Effect of additives dn^ the lightfqstness of images formed. frdni magenta 
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stability towards ozone, whilst maintaining 
the correct chroma and correct shade. The 
graph shows the percentage OD loss from a 
series of prints all prepared at the same 
colour depth and exposed to a set amount 
of ozone. 

The other approach to improving the fade 
resistance of the dyes is to add specific 
additives to the ink. The exact mechanism 
of fading is unknown in most cases, but it 
is believed that most fading processes 
involve oxidation of the chromophore 
either via free radical processes or by the 
interaction of the dye with species such as 
singlet oxygen. In some cases, depending 
upon the substrate composition and the 
nature of the dye, the fading mechanism 
could also involve a reduction process. 

Therefore, there are a variety of additive 
types which could be included in the ink in 
an attempt to prevent fading. As UV light is believed to be more 
damaging than visible light, the additives could be UV absorbers or 
quenchers such as 2 -hydroxy phenyl benzophenones or metal salts. 
Antioxidants such as hindered phenols could also be added to 
intercept the oxidative processes. 

Two examples of additives improving the lightfastness of dye- 
based inks are illustrated in Figure 8. 25 - 26 This approaches extremely 
difficult to deliver as the effectiveness of the additives will depend 
on the fading mechanisms for each dye and media type, as 
discussed above, but will also depend upon the location of the 
additive relative to the dye once deposited from the ink.- 

The other main challenge facing aqueous dye-based inks is that, as 
the dyes are all water-soluble, the waterfastness of the images 
generated on plain paper is not good. Papers specially designed for 
inkjet applications tend to contain mordants such as calcium or 
quaternary amines that insolubilise the dyes. However, inks need to 
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be developed that display good substrate 
versatility and as such will provide good 
print performance on a variety of 
substrates, including cheap non-inkjet 
paper 

In order to provide prints with good 
resistance to water, the dye or the ink has 
to be adapted specifically to reduce the 
solubility of the dye once the ink has been 
printed. Three of these options are: 

1, Waterfast prints can be achieved 
through the use of dyes whose 
solubility is extremely pH-dependent: 
at the pH of the ink, usually pH 8 to 9, 
the dyes tend to be very water-soluble, 
whereas on the paper where the pH 
tends to be less than 7, the aqueous 
solubility is minimal. Dyes that can 
display this pH switch either contain 
aromatic carboxylic acids instead of 
suiphonic acids, or contain amines that 
can form insoluble salts with the 
suiphonic acids. Figure 9 illustrates 
prints generated from dye A that 
contains only suiphonic acid 
solubiiising groups, and dye B that 
contains protonatable amines and 
suiphonic acids. The four squares in the 
top right-hand corner of each set of 
prints have been soaked in water and it 
can be clearly seen that much less 
colour is removed from the print of dye 
B compared with dye A - the four 
squares on the left-hand side of each 
print [(a) and (b)] have not been 
exposed to water. It can also be 
observed that when water is run down 
the series of lines, the transfer of 
colour is quite visible for dye A, 



whereas no dye is transferred in the 
case of dye B. 

2. It is also possible to improve the 
waterfastness of aqueous-soluble dyes 
by the inclusion of certain water- 
soluble amines and ammonium 
carboxylate salts in the inks. In the ink, 
the amine is unprotonated, but once it 
is printed, ammonia can evaporate 
from the surface leaving the free acid 
which protonates the amine. If 
correctly chosen, this protonated amine 
can then form an insoluble salt with 
the suiphonic acid groups on the dye. 

3. Finally, one of the simpler ways to 
improve the water durability of dyes is 
by the use of a fixing agent such as a 
metal salt or a protonated^amine. 27 In 
this case, the fixing agent is applied to 
the substrate from an additional 
printhead just before the dye-based 
ink. This technique can be very 
effective if the extra complexity and 
cost of an additional printhead can be 
incorporated into the printer. 

The alternative path to developing an ink 
solution that will deliver both plain and 
photographic paper performance is to 
enhance the properties of pigment-based 
inks. In this case, the challenge is to create 
pigment dispersions with colour gamuts 
that match those of dyes without 
impacting the gloss of photographic media. 
Attempts are being made to do this by 
reducing the particle size of the pigments. 
However, care has to be taken to ensure 
that the particle size is not reduced to such 
an extent that ink stability is compromised 
by encouraging crystal growth or 




flocculation of the pigments, or that image 
permanence properties are adversely 
affected. 

The other issue with pigment-based inks 
is the durability of the images formed on 
plain paper in terms of rub and smear 
fastness. As the pigment particles tend to 
sit on the surface of the media, they can be 
easily removed by abrasive forces. In order 
to avoid this, a polymer needs to be 
incorporated into the ink to 'bind' the 
particles together so that the images are 
more robust. However, adding polymers to 
inks can result in serious jetting problems 
due to the increase in viscosity of these 
solutions. 

As can be seen from the above discussion, 
the formulation development of aqueous 
inks is far from simple and the strategy 
adopted is clearly dependent upon the 
requirements of the application. 

Conclusions 

Advances in printhead technology mean 
that inkjet technology can now be used for 
a variety of applications, ranging from text 
and photo printing to the preparation of 
printed circuit boards and displays. To 
enable the exploitation of inkjet 
technology within these applications, 
formulations which are different from and 
much more complicated than the early 
inkjet inks have been developed. 

Major challenges to ink developers lie 
ahead as the printhead manufacturers push 
to develop the technology to deliver 
smaller droplets so that greater print 
resolution can be realised, and to allow 
these droplets to be jetted faster, enabling 
enhanced printing speeds to be achieved. 

In addition, as more applications become 
available to inkjet, novel ink design will be 
required to deliver the required 
performance both in the printhead and on 
the substrate of choice. Ideally, if developers 
of inkjet technology are to be successful, it 
is clear that the ink, printhead and media 
manufacturers will have to work closely 
together to deliver acceptable solutions. 
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the rate of weight change also is measured elec- 
tronically by taking the first derivative of the 
weight change with time. 

"Thermoguard" [M& 71. TM for antimony- 
based materials for incorporation in PVC and 
other chlorine-containing plastics for flame- 
proofing properties. 

thermometer. An instrument for measuring tem- 
perature. The liquid-in-glass thermometer con- 
sists of a graduated glass tube and a bulb con- 
taining a suitable liquid whose expansion and 
contraction indicate the temperature. Its range is 
from - 130 to 600C. For scientific purposes, the 
most widely used liquid is mercury down to its 
freezing point at -40C; below this, alcohol 
gives readings to -100C and pentane to 
-130C. Colored alcohol is generally used in 
household thermometers. Mercury thermome- 
ters ranging up to 600C are available; the mer- 
cury is prevented from vaporizing by a pressur- 
ized inert gas inserted above the mercury 
column. Metal protection tubes for stem and 
bulb are necessary. The softening point of the 
glass is of primary importance; borosilicate 
glasses are satisfactory up to 500C, but Jena 
glass is required for higher temperatures. Mini- 
mum and maximum thermometers are so made 
as to retain their lowest and highest readings in- 
definitely; the latter are used for oil-well and 
other geothermal measurements . 

There are several other types of thermometers: 
(1) Gas, in which either the pressure at constant 
volume or the volume at constant pressure mea- 
sures the temperature; these are used for ex- 
tremely accurate thermodynamic determina- 
tions. The gases used are helium, nitrogen, and 
hydrogen. (2) Bi-metallic, in which the sensing 
element consists. of two strips of metals having 
different expansion coefficients; its range is 
from -185 to 425C. (3) Thermoelectric (ther- 
mocouple), in which measurement is made by 
the electromotive force generated by two dissim- 
ilar metals; its range is from -200 to 1800C. (4) 
Resistance, in which temperature is measured by 
change in the electrical resistance of a metal, 
usually platinum; its range is from -163 to 
660C. (5) An optical fiber thermometer devel- 
oped by NBS Center for Chemical Engineering 
has a range of up to 2000C. It is made from a 
single crystalline sapphire and is much more ac- 
curate than the existing standard. Based on fun- 
damental radiation principles, it measures ther- 
modynamic temperatures directly. 
See also thermocouple; bimetal. 

thermonuclear reaction. See fusion. 

thermoplastic. A high polymer that softens when 
exposed to heat and returns to its original condi- 



tion when cooled to room temperature. Natural 
substances that exhibit this behavior are crude 
rubber and a number of waxes; however, the 
term is usually .applied to synthetics such as 
polyvinyl chloride, nylons, fluorocarbons, lin- 
ear polyethylene, polyurethane prepolymer, 
polystyrene, polypropylene, and cellulosic and 
acrylic resins. 
See also thermoset. 

thermoset. A high polymer that solidifies or 
"sets" irreversibly when heated. This property 
is usually associated with a cross-linking reac- 
tion of the molecular constituents induced by 
heat or radiation, as with proteins, and in the 
baking of doughs. In many cases, it is necessary 
to add "curing" agents such as organic perox- 
ides or (in the case of rubber) sulfur. For exam- 
ple, linear polyethylene can be cross-linked to a 
thermosetting material either by radiation or by 
chemical reaction. Phenolics, alkyds, amino res- 
ins, polyesters, epoxides, and silicones are usu- 
ally considered to be thermosetting, but the term 
also applies to materials where additive-induced 
cross-linking is possible, e.g., natural rubber. ' 

THF. Abbreviation for tetrahydrofuran. 

thia-. Prefix indicating the presence of sulfur in a 
heterocyclic ring. 

thiabendazole. (4-[2-benzimidazolyl]thiazole). 
CAS: 148-79-8. C 10 H 7 N 3 S. 
Properties: White to tan crystals; mp 304C; 
slightly soluble in water, alcohols, and chlori- 
nated hydrocarbons; soluble in diethyl- 
formamide. 

Use: Fungicide effective on citrus fruits, anthel- 
mintic. 

thiamine, (vitamin B{). C, 2 H 17 C1N 4 0S. (3-(4- 
amino-2-methylpyrimidyl-5-methyl)-4-methyl- 
5 , 0-hy droxy-ethylthiazolium chloride) . The 
antineuritic vitamin, essential for growth and 
the prevention of beriberi. It functions in inter- 
mediate carbohydrate metabolism in coenzyme 
form in the decarboxylation of a-keto acids. De- 
ficiency symptoms: emotional hypersensitivity, 
loss of appetite, susceptibility to fatigue, muscu- 
lar weakness, and polyneuritis. 

NH 2 CH 3 
N **k/ CH < A-C— CH 2 — CH,OH 

£> & 

Sources: Enriched and whole-grain cereals, milk, 
legumes, meats, yeast. Most of the thiamine 
commercially available is synthetic. 

Use: Medicine, nutrition, enriched flours. Iso- 
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A Review of Paper Coating 
— Paper Coating Technologies in the 20 th Century — 

Terunobu Fukui 

Pulp and Paper Research Laboratory, Oji Paper Co., Ltd. 




Production of coated papers for graphic arts reached 6. 73 M tons in 2000 in Japan. It has been con- 
tinuing to expand since the production started in 1910 s. 

In this paper, the history of coating methods and coating materials are described with divided into 
5 periods i (1) Brush and Air knife coating in the period from 1910 s to 1960 s, (2) On-machine coating 
in the 1950 s and 1960 s, (3) High speed blade coating in the 1970 s and after, (4) Light weight on-ma- 
chine coating by Gate roll coater in the 1980 s and after, (5) Double blade coating in the 1990 s. 

It is obvious from the facts that both the coating methods and the coating materials have been con- 
tinuing to evolve to match the market demands and to obtain high productivity, and it will continue in 
the future. 

Keywords : 7 y v 3-*, x7t-f73-^, yv-Kn-?, Y-Yu-)Vu-9, 5f';n, 
**'J>, &&#;vv?a, Wl.ms, 7-htt, 3-HR, fcltt, 
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4*»tt#V v-"»jMft|t$*ifco PVA til 
R#Jt«fi<j£ii (200-250 R/kg 40 ') KA#-C§££-J£ 

PVA*E-frLfcfc#l±«-^»aKT-C<Dtt 

K**«<, X7t'f73-^l<7>X77D-)l'3 

V >»xx-y-MkJ8»* f 1960*ftlft*tCiB 
ifcfltf) ifc»l4#tt o l> T li, 1916 * K Bingham # 




0 2 4 6 8 10 12 M 16 18 20 22 24 

in 9 raaufco#tt-'<'f >^«MD*t*« 

3 - hft : 22 g/m 2 , Jryn:^ 
612, * * y v : HT 



91 2 1965*«fftO**^>ffiftO|ft§ 





1962 


1963 


1964 


1965 


196615* 


1966 ft* 


1967 mT* 


1lte(R/kg) 


175- 
180 


170- 
180 


160- 
165 


160- 
185 


280- 
330 


220- 
250 


250- 
260 
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SHEARING STRESS-TORQUE 

0 10 H^Ktt?ttfeftft&aUUM*tt 




El 11 Tyt-fa-* (USP 1,921, 369) 



^5Xf??7n- (plastic flow/fflttsftKl) f-H-f 

s#x*#§LTi5(?, m£-e*>£<*ijffl strc^a 

EIK**7' t iJ v-tfrhttih K-^RfftSStji* 1940 ^ 

fW><b lgso^ic^tfc^H^tL 64 - 66 ', K7*7 

Xf -;^7D- (pseudoplastic flow/^SIttSSiS) , 
f + Vhn tf- (thixotropy) , 94 9 * (dila- 
tancy) 4 f W&IW&fl? $ ftfc (010"). 

£WI$SB©&ttOffilll^fcJfeX»l£*'tfc± I) B n q® 

WMJSi: LT, 7*7 V3-^X7:M 7 3-*-Ci±, 

Jj£fi (1950 5^,1 960 if ft) 

3.1 h7>^77P-J^-$ 

* W>>3 — f 4 >9it, -vi/XDVyj Vfyffl 

4 $ tix^tzwxmm t m Lmmx^m t 



#&0<E> h?>^7r n-;w 3- ^{±,1933^^^^ 
Sn^vy-tW (3>7'Jf-f7K) 3-? (BO 
11 w ) T-&£o Ztiit, WmWWJ >*B*)i*ZVft 

X'$) o tf- * v •> -t -f * * «ttltt * Wt 
■Cv»ft*»o a > V "J f - r y Ktt tffi^^it^ 
jKSiifco iO«F«!*B-CI±ii- h-k? h 

J: 9 , ffiffifflifcXitt (Magazine grade* 
-&V>{;1 Publication grade) <7>7C*£j£i:$tt§<£>7cl; 
Ififf^filfciofco *4 ^tt^fb 1936^twf|fT$ 

KCM (* V/< V - • 9 9 - 9 • 5 - K) .3 - 9 (H 
12 28 '), 9iX b/<-5>-73-*, 
77-^3-^, f-^>kf^>vv> (/\5;vh>n 
3-jr (E113 281 ) 4^#<Oh7>^77n- 




El 12 KCM 3-* (USP 2, 647, 842) 



REVERSE WUWNlWG MCTEW1WC ROll 




[1113 f T>t't>7y> (/n^;U h >D->U) 
3-* (USP 2, 676, 563) 



2001 ¥ 12 J! 
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3.2 h7>^77P-J^-^ffi©iitffli: 

^ ^tBT^ P>. v'J^ K9 -f *fc«J&***4 t Viz, 
Jfcft**'<fco*«:v»fi§ftc|EJi+* i o * 60% El± 

mvhne- (tx-r'Jvx) K-g-</^*§v>7 
5 * f" 5» * 7 n -© jfcH-jJ*a i flfc 0 

*SKfc^T 1930 *ft«* <£ 19 40 ^ft 

fc^it$jX^o 1949^fctt&Iffl*:i-y > bLV 
Nol~No4 (tztzL, No4t±M3Sffl) W^U-Kri* 

'j-A^un/:, -e-o«,i96i*tc)Ssa?»aia«4: 

a^Si2;iCJ:^fifeig90% ^U- K n a n , 1962 1965 

"C 1964 >om^t,1950¥ft^f> 
196O^ft*0*U**y < 
iS#L, *«>«t&fM«JiA,rtfo 1960 
No l~No 4 CO ^ \s - Kfittf* o fcifclfll * * 'J > 
;*U97O£Utt:/l'3 7A0>flS6S*7 i '? 5 



(animal glue) ji f ttffl$;fvCVfcrt* f D a q«;J*££L& 
^Zt tm^fc&ZWvZttffflmX'b t) , 1895 

ft*T«#**lfl!**£fcittattU|ftft$*i t 1900 

*^A7 *f fc KAMI 4 t'ic <t & »*<ffcftS£;ft*HJ* 
$nfcO3j«1930^ft*»it?*4o USO^ftflW-iB 

ffl<7)&*#Ji LT^ifcttflJS -5-0^1950 
fcx - r ;M««*3?> £ it, i960. W'K 

is-ffifilZTFffvXJ-v iryu-v&t) , 

tt,1944¥fc |"fi±, iXf*^x7*y a 

>J KMI"*^ (USP2.355.953) ji*J*£L,1947 



S 3 Jfelffl**'; >O^U- K (#11/1960 £fc 1970 





1960 # 


1970^ 






2 urn JilT 


fife* 


2 umJilT 




(%) 


(%) 


(%) 


(%) 


No. 1 7°U<7A 






90 


93 


No. 1 Hig 


87 


93 ' 


87 


93 


No. 2 7"U5 7A 






90 


80 


No. 2 gig 


86 


80 


86 


80 


No. 3 


85 


73 


85 


73 








90 


98 








86 


95 








87 


. 97 








88 


80 








88 


95 








86-90 


60-90 
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II 14 i-\y\dtyuy Ka- 
(USP 2, 229, 621) 



ROTATING ROD TO 
CLEAN BACKUP ROLL 




OVERFLOW 

m 15 ft>yu^x3-5- 

3.3 irtrot>7v>a-r<>?" 
X?-hL£„ 1-^^*.,l950¥^^fflS«^^> 

ft>n 7 Fn-^ (mi A m ) x, +$zmm i * 7 -fc 

Kmx'&zmm&mmm^&vfom&mm^ < & 
m\\zmM*&mirhzttfX'%tzmzttL, si*n? 
mmmztm iiift^ofcifc^ 

7- htt£*<& n n q**55*$;Jifcrt:Ji>, S«Itt*f)l±, 



*y^ : ;y^-T<y>r\zih&%.n±Mk\^x, 
y7n,x-T4 >ywmo$-i,zwm$y&X'i&isbhti 

tic T&») A- h >n-;i/=r-^4-, ± 

I^CS, B^MJcmm'ty^'yytDyu^yyu- 

JH&<D*£m*ffl%il, T-h&kEMZtiZMX^- 
V&tffcMLtZo 1960-1965 ^(DfH^zmX^.^ -* 

Do 

mt tc, 1959 ^Ft m5^0)$:ffl? m izffiji-2tix^ 
&%:m<Du-ji>a-?Ri, mfa<DTiry\d*y?i/y 

(1970^*J:t>'^nm) 

4.1 

#fe*7-b;/ h WJ>4 J 1960 ^{t^AoT^SL, 

■C,1960^Tt^*^t) 1970 $ftC7 7 Fa-hft, 
mAx-htotstVtpKz-hmtfiitoz&tit: (El 
16 59, )o 



g 4 &m3-*mm&&i?M (1959-1965 





D — )\/Z2 — 9 

mum 












mm 






90 


100 


100 


80 


66 




10 






20 




*t*y*r><{ v 










34 




3 


6 • 


5 


4 


8.5 


*m y 






12.5 


11 


16.5 




11 


16 








(96) 


64 


43 


42.5 


40 
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•ft 



7-h«(A0) 



7-h«(AI) 
A2 



A3 

B2.B3 



1650 
I 



1070 
1 



10S0 

— ( — 



■H 16 &XiKffl%o£3 

WEB 



RUBBER COVERED 
ROLL 




[2117 ^KA-l^U- K3-? 
(USP 2, 368, 176, 2,593,074, 2,796,846) 

7*l/-K=--*"i, TristUJ:oT 1945^K#H"C 

Tv»4 (H17")o :^I©ri/-K3-?CH:, 

ft^7^yyi/-K3-? (0 18 30 '), 77fy 
(EH9 301 ) ^>7r7>'fV3-?ii' 
***4 0 Trist^yu- Ka-^ti, A^flJ&JMSO 

ffiffl $ tifc <n a Blandin Paper tb&* 1956 if K 88ft L 

7t*S^I«t{±6.5g/m 2 O^XftT% n-;i/n-* 
"C 9. 8 g/m 2 iftl L <D fc |H| d d p» fc If fi $ n 54 ', ft 

X^nTtlT* L-3ft»<> n - * a - ? # #0V<* - fr 

HftK: .felt* 7*1/- Kn-^«)Rlov»t, iCW 
MOggfc") * 1967 ^iim^f&ffOiSS • 'VUfxn 

wtm>m$*fc x tia, mo ^^bs*dss^s±x^i 

iZ 3, , 280 mm ffi, 600 m/35" 0 ^ K ;V 7* 1/ — K a — 
* , 1961 ¥ B *iDXS®MH5I*lC 1, 700 mm ffi, 300 
m/W7l/ + yyi'- Ka-^,l962^7vBBftS!«c 
^X^UXlttC 2,200mmifS,410m/^O'f 




WE3 



COATIHG f EED 



II 18 7 l' + v7'l/- Ka-^ 
(USP 2, 285, 531 f&) 



IBB 




iM/treo BLADE 

RKIKULATION O/ftfLCM 
CATCH PAH 



to sua* 

m 19 7 7f5- Y=.yfa-9 

* i) 7,) , ±Eft • -'^■/I*K«P*«#»ic^v»r 
fe, ££Tv»?7*l/- Ka-^tOESiJ^HT-^v^ 

>e^>n y Ka-^f± 1930^ft 

4.2 7*1/- Ka-jrroffiS, lEifsfb 
1950^lcBrt-CRte$n^^ Wy.^n-r^ > 
^5^, 3-?iit>7y^M77v'>^tf^i 

iTt-f 73-^^3.2011111, 400m/$5-e*ofc£> 
CjltL, *n*«4 1960 *RIW/1/- 
3. 2 m If, 600m/5j*i^7^ 7 3-?<D l.5fS<£>* 
fc*- KT-^ft$tLTv>7t 0 BF*J-C-c7>7'V- K3-*tf> 
M t & K l±. -toft 1970 ^ ft U 5 m, 1, 000 m/ 



— 10 — 
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m 5 ru- K3-^o*ia, SBftoatat 



(mm) (m/j» ( h >) (g/m 2 ) 



1966 ^ 



3,273 



400 



116 



96 



1960 # 


3,280 


600 


113 


70 


*y 




1966 ^ 


3, 180 


600 


137 


96 






1971 ^ 


4,800 


900 


324 


102 






1971 ^ 


3,390 


915 


146 


85 


ty 


B# 


1972 # 


3,600 


1,200 


197 


93 


*y 


B#irax«*/*« 


1973^ 


5,680 


900 


276 


95 


*y 


Kmvtfry'/tsE 


1980 ^ 


5,380 


1,050 


382 


68.3 


*y 




1984 *P 


3, 150 


1,300 


191 


64.0 


*y 




1985^ 


5,050 


1,200 


400 


66.7 


*y 




1986^ 


5,050 


1,000 


411 


73.8 


*> 




1987^- 


4,728 


1,200 


447 


87.5 


ty 


\hmmm^^y'/^m 


1988^ 


5,050 


1,500 


. 486 


73.9 


*y 




1991 £ 


5,280 


1,500 


511 


80.0 


*y 




1997^ 


7,040 


1,300 


700 




*> 




1997^ 


7,040 


1,800 


700 




*y 





5hl980^fttC5m, i,'500m/#fc ft 9,1990 

7m, 1, 800 m/ftk £46, MMitim^tZo ^ft*K, 

(±,1999 ^ Asia Pulp and Paper ttOffiic^Jlptt* 
(Gold East Paper Mill/fpB^ji (Dagang)) UKS 
Sftft 9.7m46, 2, 000 m/^<0 4 ^ y K*77y> 

4.3 K3-*ffl<&ax*«*i: 

iOfc*, SfcX*m?tt, gtatU07T';^ 
OJt**«S 1" t+nt-1), I960 * >l"K* v 

UfcJHLTtt**4fc©fc Lft 0 wmitR* 
!^*rtttft£*ft±$^fca©*/v-fi©#tt 

^ 7 If 7 (WJ © $ rttt * IS] ± § * 4 © ** 7 x i£ ® && 
(Tg) ft, #««R1-$#ttSrW2S*4fci&«)|W 
«iift, v - 4 > ytfsinbT n> iJ 'J JgilSSft; 



1,70 

— rr-rr 



- r gg«v-a.-<-c<y 



»«» !«ir": 



coon -ox 

CONHZ 



»*»« 



m 20 i£X&ffl 7f»;n CO'^S 

^fc£??y**©WItffc:WS&*t, £ft, -t-M 
etL© n - * Kffi Crt: * 4 K-fbTj^A,^ (El 

2047.a.a)) o 

KAoTjEt oft CI ^n D pT-*-i>g®^* 
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m 



3 - n y /n-c*{± 1960 J: 9 

t»*ufcaawss»»£RK*^n. 1970 ^ft 

It*itf**'J ^fcPWW*** T^Kta*"?* 

si 6 ytmnkmij^v^^^mmm 







*H#2 


fig 




> 








63.7 


70.1 


73.8 


ttJt(mPa-s) 


838 


500 


380 




72.9 


75.0 


82.1 




58 64 S8 65 58 63 

#1 ta maw* 

90%<2»ini 80«2Mm 75K2//m 



58 



73 58 73 



96%<2<im 90V2Mm 

21 ftiRlctft* 



1200 

1000 

A 800 
J. 

t aoo 

n 

« 

S 400 
200 



S5tSH«*/u 




1985 



1990 



199S 



2000 



2005 



n 22 wmwm 



*;i/OM»l:fi. 1990^^}CAoT a-^ojg 

*LT£l? (0 22 w ),1989^(Ctt** I J >M*fti 
13% -Cabo fcfcWHXX)^ 

4.4 ^U-K3-*roajS<fcm:5flH 
§tLS^X^R|OH4t?*l), fed -oil, /^^ 

(EI23 2 "), yu- KttT-ei±&#» 



" Paper 1 '' 



. &r 4. ^ ' 



Immobilized layer 




Blade pressure 
10 ....15 bar 



23 77r; K-y^3-^-C©Jfc#l-R*lt*H 




A LWC 



"ooi 



0.1 0,2 0.3 



HI 24 /I/- K3-*-eoltt#B*Wi 



12 — 



& i it m % » 
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U 7ttO|Sj±*«*S5:i i 7 

S*v»fiJBE (12-17 «) Ot«S*JU*E^t4i 

LT, ^vhriz-K ((H25 s "£) i*^/i/yi'-K 
(0 25S) fcifc«L-C, X^7 7f<7)SBti^II 

J Vl>- is 3 >«)WjB* , ilK»c0< Sit-& 0 1980^ 
Dappen 82, li^-* l/-*Jfc»"C, t It 

#k «t o r jgjRfl e t rnxmrnmrnz i>±z<^yu 

->3>f5 (EI26 83) )o ^(Dfzib, ;<J>y-?jy 




FWER AND BACKING ROIL 




PAPER AND BACKING ROI 



m 25 7U- Kftm^fitttM^SKfLllS; 
(^A-ru- Kt^> KOH) 





I 1 




i 1 


I 































ft* 




I 


? 






























^ 





ft« 


r 


i 












































o j<j « to eo ioc ox«e 



1980 ^ft* P> 1990 

(1980 ^^cfct/^nm) 

5.1 «jfciaty- hP-JUa-* 

1969 £*JHi!ftS±I*#6PM (cy- hn-;l/3 
- * (0 27 8 ") #R1B$*i, *TffiS£ 9*£X*4~5 
g/m 2 Ot>?y>' Kfl-ifcXj^ifl & $ *lfc„ C 

vt^ftx^^ M 0 &mx&<D£.m 

i£K>tz<T>\t 1979 *mfrt>X&l), #tl 
?7k'7feg©fSi:ffoJ--f-(?)3^ h*r 

fco i985 ^tc*ifciff*ji**«i6j£L, i^en«M 

ttBtfflaiffliftCC^StlTv^tO*, ^X*12 
g/m 2 WT4r T^X^J Ufc. -5"O^H*^It 
•JC«il40lil987^e> mt^-hmt 

rat»Kattt'eKv»#o f «-«»t"cv»4 (01/98 

«*lfe<)o *0 1987*0«lftIjR^«ffl3-^tt, 



t^y-Triit-f o-«. 




0 27 y- h n-;un-^ 
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ft 



mm #2 6, \£)VTV-V (H 28 9 ") #3 6, ^ 
— *jj<2 6, t7v> >7*U- K3- ?#1 

ft, 77'J^-?n-;u±ic^$L/.:&SI£3KK3£¥ 
f£XigW*M 'J ^^^ftv*, i^igJt^X#Blt|, ^ 

XMl^^&t'^Sbs^o Kn- 

M^n-;U3-^{CJ:S^XT*S)i), IstftoHOK, 
M t± n - ;u J; l? 4? < @ls $ £ t XT. 7* 'J 




(H129 K) ) *«l«fclic«ffli-4ik*« 
^xsto*Muffiffl§n-cv^ 93> 0 

5.2 4"*- hP-JU=l-2, 7-fJ^h7>X77 
y-fn- — 7-f*i>f7>X7r3-^ 
^XT-<7)matt3fe#, *aftfc#3 5 *r -f 

<b K*f L, - 5- T^T-o&^co^lMfcJf B$K6v> (El 
SO' 2 '), -ffcib^, n-j^^I^gf^K 

RJP#* l^gti/>yt'-^i:^f-f > ^#S-fk 






HJplenjA 




Nipprerare 










Mil 



28 ^yi/-K3-? 



El 30 7-f ;ua h5>7r3-^-yyt^)7^ 





Film transfer unit 

El 29 7^HF7>^773-^ 
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#a««PSL<, H*««tt* asanas, 

2L 92.94-96) 

O o 

5.3 V3-hKi^3-$ 
*B3>VJf-t? Ktt^at**!! 5 (USP 
4,250,211) S;#t43-^-C, JM*tt»»£7l'- 

- K-etHISii.**T»«>miB*-CS*«ltfi< Lfcg 

h «iR^«>**a**^ £ v > |«J £ 7 U - K $ ft 4 

<T&* (IU 32 981 ), »*"Ci*«iiL»v»ii: fcd* 
£o 1976-1980 M tC n > V 'J f'- r 7 

> V V f-ry Ktt£M1-fctt 1982 ^121* 




0 33 ->3- h Kx/^-J'ff :"<-?©i»8tt 



*, Hrt^fc^-ai 1985^8* »)*A$itfco 

ffi, 1000 m/#e*j;U:S> K*>< 

7 * > ^ n - ;i/ -c-ffM § h h -f- * > / < - ft -e jaa^ii 

£L (12 33 271 ), in*««H-CS«^*Jfei|B|-«aA5 
£^f£L, ftcmMli-eoaftjB (fiy FXF'J- 
^/H 34 9 ") *«»fti-4o iOfcft, itSiH^* 
- rt T-<D«S§£ * Kjt-TS ft R»tfc5fe 

&*>f ^jWH&SivC^*"-"', itz, 
£**7.7ri— f 4 >^j6*tH$:<,>e*K*§ < -fad 

zx*<nmm (Kx**s) ^i« q a nK^^#-r^- 

fc fcW&i^ftoTiiO, V3- b Kx.;i/3-^T*Ji 

KJS tr K.x.*£3 fcWS-cS * n - * # 1980 ^ft 

(1990 if ft) 
6.1 ^U-K^^UMI 

1970 <a 1990^ftW*O10»^IBI»C, T 





1975 I960 1985 1990 1995 

El 35 7- MR, 3- h&OftiRft^ (1979-1993 
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- MSta- h^-C-en-e-n^ 10*4 V h<07t^[6] 
±#[SP>ftT^& (0 35 22, )o m^LftiOli, 

mi ii * > , #a^«>#ee«&R * * v * ^ , 

ZZkit-ZZb^o IPai5HE-eJ±,1990^ 

10 Ji*-f > rgaLt**$*vriJ0, 4-^3 - h 
tt<0fttRI±, T-b« (Al^V-K) fcflWtW** 

tt*£*"C*ii$*rCSfco £*ili, iKJ6l*«(A)IKjS 

<o«hl* ca a * a* T¥riHtl- * aub t (B)jstt * *-c 

»i9tit'CJKiRIHliaS:*:S <t4f^fflOW**rai* 



- * fi 1989 ftfc3E*«ilMfc?-I**>#4 

cm***«u-c, r-ns* f «as*i^o x* 

«a$B#X»0#3CM (1991 
X^O#2CM (1991 

aitos-ca^fc bun * v y * km l x *> , 1 m m a 

£ffifi &&7J 1 1 4 i t **-e § 4 © "C^ff IJ V * 4 o 
6.2 

^7*fcXfc lififtHflUifcv***, 1980 ^ftfc** 

b<r>®m.$>z>wfot Ltvxy h7T^>r>ry; 

(7'J-y*x7 h7-7>)t—9ti>m£tiZ>) 
>r-9 li, 0.5-1 mm nffiMi&i* 1 ) v YSXfrfr 
36 271 ), HF*3T-fil980^ft^^J: *) , Efc* T* li 1990 
t4otv>4 (E!37 24, )o *©«#JCOV»Tli, 
I ffi Jg& A^BHSS <o 



Pa per 




Pre metered colour 
150-250ml/m 2 



Nozzle gap 0.6 • 1.2 mm 



Colour supply 

0 36 Y.7T *r >7->77*)r- 9 




40 msec 



0 38 r7'jy-hJat7-f*^ir-*S)?S 



100% 
80* H 



» 501 

jjj 401 
20* 
0* 



III 



* 1 



U 



3: J J 
o> o — « 




I Applicator rolls ■ Short rfwalls ■ Short dwoll distance 

Kt C toting film presses B Blade premeterinc tj Free jot applicator 

m 37 3 — & y /<, T^g-CCO 3 - * ^\ y Kflgjg > x 
7*» 



3600 
3000 
2500-J 

2000- 



SOOH 



•Halnd) Papier, On -machine 
•Burgo, On- machine 
•OaRang, Off-machine 



Valmel Pttot 
...KCLRBot.. 



CTC Pilot 



iv Coalm 
Concepts 







Airtoil 

..Qrying 


Short 
Dwell 


^Jel 

Applicator 


Puddto 
Coaler 


^RoU 

Applicntor 









1950 1960 1970 1980 1990 2000 2010 

El 39 n9tb'UuvYto<D*-9&&lk»b : f>m 



— 16 — 



« m s » 



1665 



* 4 T-O n C g ft 5 jAJN & 7 * ;u * - Jjr - * ©J&S £ 

W**»»t4ii:«:<JftX"^#4it**#«t?*4 (El 
38 r) )o 

7. * U tC 

3 - 9 (&«•««) (±, 1999 ^ |Z 14 2, 000 m 

/&©^i:AD,tt-DWD7 h3-*T*(4 3, 000 

*»t*U* 2010 3,000 in/*OI*ft***-5 fc^B 
S*iTv»* (E139 39l )o i ^Usa^Ifi, n- 

ztit X'&±Km¥muvs. si tt**a 4 * & « t &*> 

ft£ 0 4-¥Metso Papertti Oxyu-n 

LT*#|c||IS|c36**S 0 

f I ffl 3t a* 

1) M-*«tE9« : JnlffiM^^ft, 1935 

2) : ttXinliK, mm*, 1938 

3) : ^^7"iRl*?|B3 (4) 36 (1949) 

4) ft**** : ansae n (5) ; 74 (1957) 

5) H*SB : m^TTS** >f A* 2(2)20(1959) 

6) S*2t : to'iffl&m 16 (10) 792 (1962) 

7) *#«, ^7XS*. *#te:«/<«ttB2l (ll) 

663 (1967) 

8) »««ft,l971 

9) mt*M :*/<ttfifg28 (5) 194 (1974) 

10) J.V. Robinson : TAPPI 57 (5) 75 (1974) 

11) B*Bfc*, M»tIII:«/<aiBe31 (8) 485 
(1977) 

12) 9 4 ax 28 (12) l 

(1985) 

13) »IHfc~fi|5 : 39 (4) 355 (1985) ,39 
(5) 435 (1985), 39 (6) 517 (1985), 39 (7) 
617 (1985) 

14) &^)\,-f&m*4 k7>w&w*t%n*m^*s 



(1986) 

is) : i&**'-T&M9 4 j*7>w*vim^ 

93 (1982) 

16) l&rtjl'T'ttfff'f AXBg;ftl61^Kali$itTIJ^-19 
(1986) 

17) «HHRzUS:«/tttBI641 (10) 928 (1987) 

18) fl*ff:jK/<*7ttHF*4 a x 30 (4H) 54 

(1987) 

19) I¥a*:ft/^yaffir>f ax 

1991 45 (1991) 

20) *Tffl&ii 4 AX 35 (1) 63 
(1992) 

21) fomU- : &W7%m9 4 AX 36(7)1(1993) 

22) ?7<#&— : ^;V7*SH?^W AX 1994^6lB#li 
W-^67 (1994) 

23) miWIS : fe't/t^tttf? 'f AX 97 ^KBfiiTlJ^- 
98 (1997) 

24) Jukka Linnonma, Pasi Rajala and Knut Ring- 
bom : TAPPI Coating Conference Proceedings 
963 (1998) 

25) Rolf Akesson : TAPPI Coating Conference Pro- 
ceedings 67 (1999) 

26) Hideki Fujiwara : TAPPI Coating Conference 
Proceedings 57 (1999) 

27) Papermaking Science and Technology Book 11 
"Pigment Coating and Surface Sizing of paper", 
FapetOy, 2000, 414-486 

&mmm (?-9M&) 

28) G. L. Booth : TAPPI 39 (12) 846 (1956) 

29) mmmif : m^mmm \a (d 5 (i960) 

30) G. L. Booth :ift/<&ttB 16 (8). 562 (1962) 

31) TAPPI Monograph Series 28, TAPPI, 1964 

32) -tt£M. S^gf? :«/<«»B22 (8) 421 

(1968) 

33) George L. Booth : Coating Equipment and Proc- 
esses, Lockwood Publishing, 1970 - 

34) Frank Kaulakis : TAPPI 57 (5) 80 (1974) 

35) finmmmmxmm ; «/<*^st^u^ 30 

(11) 14 (1987) . 

36) fiiUMwmmxnm : to/wrum* a ax 34 

(8) 1 (1991) 

37) : K'ifr'/ffllffJ AX 37(12) 7(1994) 

38) lil^SI, mm*h:1kW1Wfc9 4 AX 38 

(4) 1 (1995) 

39) tXt \£)V9*y : &rt)V?%ffi94 AX 43 

(5) 33 (2000) 
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40) g^JIIA, LU*# : ft^rfiflfiM A* 10(7) 
13 (1967) 

41) SEIfM*:^*?***** AX 12 (12) 49 
(1969) 

42) ftS&fe : fcXA^a*** AX 23 (2) 30 
(1970) 

43) FX. A^n-: &/<;U7 B ft#f:5"f AX 14(10) 
54 (1971) 

44) Charles W. Cairns : TAPPI 57 (5) 85 (1974) 

45) Edward J. Heiser : Pulp and Paper (5) 66 (1981) 

46) ■**»:§^<A'7^tf*4A*B»63*B» 
iffPJ-f-102 (1988) 

47) ffimXm : 34 (10) 449 (1990) 

48) m^dtH : tt'W/a** AX 1991 ¥EIBfi§ 
TIJ^-98 (1991) 

49) 7 8Lffi 94 AX 37 (7) 18 
(1994) 

50) MT#, *ifiE1» ': tt^^^Sflf^ 'TAX 1994 
^B«F*fl|-* 104 (1994) 

51) mm±m : «/<*:78W* -f a x 37 (4) 10 

(1995) 

52) Bitmm : «/^r«»^'f AX 97»$±l 

(1997) 

53) 4 AX 43 (7); 23 
(2000) 

fi 80 « * 

54) iKtttreff : B 

55) «r»ze*, fiifiijft : /^"/m«*tB5 (4) 

12 (1951), 5 (5) 2 (1951) ,6 (2) 2 (1952) 

56) George P. Colgan and Joseph J. Latimer : 
TAPPI 44(11) 818(1961), 47(7) 146A(1964) 

57) =$£11, Lu*C «^;W7&#r^AX8(12) 
27 (1965) 

58) H't'ss*, artjan, i?*®*: tt'<&tte 

22 (8) 440 (1968) 

59) H*#«ft*I«W.: tt'^rtt**-! AX 10 
(8) 39 (1967) 

60) * EB#^6|5 : «/<818f621 (2) 71 (1967), 22 
(8) 411 (1968) 

61) &mit, ffi#0§ : 25 (5) 
250 (1971) 

62) A.Harevddt:tt><&18te20 (5) 286 (1966) 

63) A. /\)V^)Vh : AX 22(5) 
57 (1969) 

64) J. Wilson Smith. Richard T. Trelfa and Harris O. 



Ware : TAPPI 33 (5) 212 (1950) 

65) H. Green : "High speed Rotational viscometer of 
wide range" Ind. Eng. Chem. AnaL Ed. 14 ; 576 
(1942) 

66) R. Buchdahl. J.S. Curado and R. Braddicks Jr.. "A 
variable speed rotational viscometer" Rev. Sci. 
Instruments 18 ; 168 (1947) 

67) Kenneth A. Craig, Elmer F. Oltmanns and 
Frank B. Loppnow : TAPPI 51 (11) 82 A (1968) 

68) *#*E»r|S/<^'/SE«f^'f AX 8 (3) 78 
(1965) 

69) K*fttt.:jK£*<f AX (1076) 67 (1995) 

70) &Wf®M94 AX 6 (6) 24 (1963) 

71) James P. Casey : Pulp and Paper — Chemistry 
and Chemical Technology— Third Ed.. Vol. 4, A 
Wiley-Interscience Publication, 1983, 2152-2156 

72) mm'<aisiiu ! H*$u&m&£m?re>m- 

BS m 42 (1967) *f , BS fD 44 (1969) ^, BS *0 
49 (1974) ^, BSfn 54 (19879) BS*D 60(1985) 
*E, ¥$2 (1990) ^IDKlfflCifeJfi^ 

*^*-etvi-e<03-^S:±liIo^:y-XO^Sr 
tT y 7 7 > 7* 

73) flJillW, ^Ui^:iffi^;w7'S#^ >f AX 22 
(12) 84 (1969) 

74) ft: ft** -i AX 22 (12) 87 
(1969) 

75) Stanley R Dennison : TAPPI 62 (l) 65 (1979) 

76) #^83 55-11799 

77) Immo Reinbold and Heinz Ullrich : TAPPI 63 
(1) 47 (1980) 

78) Ludwig Huggenberger, Werner Kogler and 
Manfred Arnold : TAPPI 62 (5) 37 (1979) 

79) *J r 

80) G. Engstrom : Wochenblatt fur Papierfabrika- 
tion (6) ; 184 (1984) 

81) Phoebus Gartaganis : Pulp and Paper Canada 76 
(10) T303 (1971), 76 (10) T311 (1971) 

82) J. Wayne Dappen : TAPPI 34 (7) 324 (1951) 

83) Edward J. Heiser and Dennis W. Cullen : 
TAPPI 48 (8) 80 A (1965) 

84) G. Engstrom, A. Persson, L Fineman and R. 
Akesson : TAPPI Coating Conference Proceed- 
ings 109 (1982) 
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85) 4$H¥ 4-222296 

86) Per-Johan Aschan : TAPPI Coating Conference 
Proceedings 73 (1986) 

87) Gary L. BezeUa : TAPPI 59 (4) 92 (1976) 

88) &m&mm%, «±««tn6w:*^a»B4o 

(1) 51 (1986) 

89) Hftlffi: ft^'i^MN AX 27 (2) 27 
(1984) 

90) #W§g©tt£— 48 $£<Bfttt— , 3E^g&, 1999 

91) Rolf Akesson : HfcK/U^ttflJ* 4 A* 26 (10) 
67 (1983) 

92) Johan Gron, Henrik Sunde and Erja Nikula : 
TAPPI 81 (2) 157 (1998) 

93) ffff*a:tt/<ttffiBS4 (1) 83 (2000) 

94) mm-, wmmm, 51 

(2) 98 (1997) 

95) Johan A. Roper III, Pekka Salminen, Robert Ur- 
scheler and Douglas W-Bousfield : TAPPI 82 (l) 
231 (1999) 

96) Jaana Ahlroos, Mikael Alexandersson and Johan 
Gron : TAPPI 82 (5) 94 (1999) 

97) Michael J. Ducey : Pulp and Paper (5) ; 102 
(1984) 



98) R. Pieffer : TAPPI Blade Coating Seminar Notes 
11 (1984) 

99) Steven A. Koepke and Boni J. Kuhbacher : 
TAPPI Coating Conference Proceedings 91 
(1999) 

100) Takehisa Watanabe and Hideki Fujiwara : 
TAPPI Coating Conference Proceedings 143 
(1997) 

101) ^Rmm f %rmMB, mmnx: fainting 

$ <i'2*7s 28 (12) 1 (1985) 

102) Hideki Fujiwara and Chizuru Kaga : TAPPI 
Coating Conference Proceedings 147 (1992) 

103) atfW:«/<a»B51 (1) 48 (1997) 

104) HffllfX : tts<ttttB50 (12) 1708 (1996) 

105) =}f#WI:«^jSttB50 (12) 1702 
(1996) 

106) A. G. Hiorns, L Coggon and M. Windebank : 
TAPPI Coating Conference Proceedings, 111 
(1999) 

107) OptiSpray Metso Paper it, 2001 

108) Nick Triantafillopoulos, Johan Gron, L Lu- 
ostarinen and Petri Paloviita : TAPPI Coating 
Conference Proceedings 251 (2001) 
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